


VOLUME 14, No. 6 


JUNE, 1935 


REFINER 


AND NATURAL GASOLINE 
MANUFACTURER 


A Gutr PusiisHinc CoMPANY PUBLICATION 











wa 


HE REFINER this issue enlarges its technical 
editorial department to much greater than usual 
size for the purposes of providing its readers with 
the complete technical and engineering program of 
the American Petroleum 
Institute’s Division of Re- 
fining, Mid-Year Meeting, 
held at Tulsa in May. In 
this manner all of the important technical informa- 
tion brought up-to-date at the time of the meeting is 
presented quickly and under one cover for the con- 
venience of those in this country unable to attend 
the convention, and for the many readers in foreign 
countries. Those who attended the meeting will 
find the publication of the full set of important 
papers of added value as a handy reference volume. 
This program presented at the Tulsa meeting 
was one of the most important and valuable from 
an engineering and technical viewpoint, that the 
program committee of the division of refining has 
gathered together for some years. The group of 
papers served to bring technical data abreast of the 
times in several fields of endeavor. Each of the 
groups of papers presented at each of the three 
sessions at Tulsa attracted excellent attendance and 
spirited discussion, indicating a growing need for 
and a growing appreciation of technical informa- 
tion. 


Included in the program, and reported in detail 


A.P.I. Refinery 
Technology 
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in this issue of THE REFINER, were two general re- 
fining sessions and one session on progress in sol- 
vent refining. In the refining sessions sich import- 
ant subjects as Diesel fuels, oiliness in motor oil, 
and polymer gasoline from cracked gases were dis- 
cussed. To reports covering progress in fundament- 
al research on the chemical constitution of lubricat- 
ing oil and the chemical constitution of the gasoline 
fraction of petroleum were presented. Some ex- 
cellent equipment for laboratory analytical work 
was discussed. 

In the field of solvent refining, important papers 
were presented at Tulsa, and are published in this 
issue of THE REFINER, dealing with three of the 
solvent processes and two general papers on solvent 
systems and resulting products. 

The authors of papers presented at this meeting 
have given freely of technical data secured through 
experience in actual functioning of processes or in 
actual work done and have answered many of the 
questions concerning progress made in technology 
and engineering during the past year or two; ques- 
tions which have been frequently asked by many 
in the industry. From this viewpoint the group of 
papers presented in this issue are well worth study- 
ing. THE REFINER takes pleasure in publishing 
this material this month in order that all of the 
technical. discussions may reach its readers at an 
early date and in one volume. 
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HE American petroleum industry may soon 

be producing a whole new series of sub- 
stances useful to man as a result of its successful 
separation of the naphtha fraction of petroleum, 
Dr. Frederick D. Rossini of the 
United States Bureau of Standards, 
told members of the American Petro- 
leum Institute at its fifth mid-year meeting at 
Tulsa, Oklahoma, last month. 

Dr. Rossini, who is director of one of the In- 
Stitute’s research projects, states that as a result 
of work done on this project, such products as 
benzene, toluene (a constitutent of explosives), 
a number of xylenes and ethyl alcohols may soon 
be obtained from present waste. 

Dr. Rossini said 35 hydrocarbons actually have 
been isolated and identified, six others have been 
detected, and the presence of 20 others is sus- 
pected. He recommended that samples of the 
newly-available hydrocarbons be supplied to 
university and other scientific research labora- 
tories so as to permit of the accumulation of im- 
portant data on their properties and behavior 
and to expedite the development of new eco- 
nomic uses for them. 

Another speaker, G. C. Wilson, of the Uni- 
versity of Wisconsin, stated that good Diesel 
motor fuel could be manufactured from cracked 
distillates, or from other residues left over from 


Wastes 


the refining of more valuable petroleum products. 

Present economic advantages of Diesel opera- 
tion, he said, are dependent upon a low-cost fuel, 
and since the refining trend is toward an increase 
in cracking to produce gasoline, the Diesel motor 
must have a fuel other than straight-run gas oil, 
a desirable and necessary cracking stock. 


TUDY of U. S. Bureau of Census data, made 

by the American Petroleum Institute, has 
disclosed that four out of five filling stations are 
owned by individuals, and that more individuals 
are engaged in operating 
filling than in 
any other field of retail 
activity except the grocery business. 


stations 


Filling Stations 


The data covers 155,734 individual owners of 
filling stations, not including owners of some 
130.000 other sales outlets, such as garages, re- 
pair shops, accessory stores, battery shops, tire 
shops, and motor vehicle dealers, most of which 
also retail petroleum products. 

It is estimated that 70 percent of the filling 
stations do a business amounting to less than 
$10,000 a year. Business for the average station 
is slightly below $9,000 a year. One lone station 


is an exception. Its yearly sales exceed a mil- 
lion dollars. 
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The 170,404 filling stations in the United 
States provide full-time employment for 143,395 
workers. In addition, individual owners often are 
assisted by members of their families, and by 
part-time workers. 

Other studies of the Institute in the marketing 
field have revealed that the average filling sta- 
tion customer buys 600 gallons of gasoline year- 
ly. This estimate recently was confirmed by sur- 
veys made by the United States Bureau of Pub- 
lic Roads. In the course of a year more than 
15,000,000,000 gallons of gasoline flow through 
the country’s 750,000 gasoline pumps. It is esti- 
mated that the average pump dispenses less than 
60 gallons per day, a substantial reason why the 
gasoline buyer never waits for service at an 
American filling station. 


66 ALIFORNIA DEVELOPMENT NUM- 

4 BER?” is the name selected for next months’ 
issue of THE REFINER. At this time a group of 12 
articles will be presented describing various refining 
and natural gasoline installations in 
California. 

Since the early days at Kettle- 
man Hills the problems of drilling 
and production of oil have received 
a great deal of attention. In regard to the problems 
of gas transportation, gas gathering, mixing and 
gasoline extraction but little has been published. In 
the July issue there will be three articles dealing 
with the gas problems in that great field. These ar- 
ticles are as: follows, “Handling Gas at Kettleman 
Hills,” “Design and Operation of Kettleman Hills 
Gas Mixing Station,” and “Kettleman Hills Natural 
Gasoline Plants.” 

These three interesting and valuable discussions 
designed to incorporate all of the problems and 
practices in gas handling and gasoline extraction 
prevailing at this time, were prepared for exclusive 
presentation in THE REFINER by John C. Albright, 
through the cooperation of executives and engineers 
with Kettleman Hills North Dome Association. 


Next 
Month 


Included in the July issue is a complete list of 
California refineries and refining companies, giving 
personnel and type of processing facilities in use. 
In addition’ there will be articles describing a large 
West Coast solvent refining installation, two ar- 
ticles dealing with stabilizing systems, one on con- 
tinuous treating and one on combatting corrosion. 

The important series of articles on Inspection of 
Oil Refinery Equipment, by F. L. Newcomb, will 
be resumed. Part four of this series deals with 
records and forms required for proper functioning 
of the inspection department. 

(Continued on page 39a) 
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Fuel Specifications 
for High-Speed Diesel kingines 


G. Cc. WILSON 


University of Wisconsin, Madison, Wisconsin. 


HE necessity for cooperation between refiner 

and engine builder in the matter of Diesel fuel 
is so obvious that there is little need for supporting 
arguments. As an example of what can be accom- 
plished, consider the phenomenal development of 
the gasoline engine in recent years. Much of this ad- 
vance has been due to parallel developments in both 
engine design and fuel characteristics. There is just 
as large an opportunity ahead for advancement in im- 
proving Diesel engine operation. In the case of the 
Diesel as compared to that of the gasoline engine, 
the problem is even more pressing; and it is also 
more difficult, because the present trend is in the 
opposite direction, to the economic trend of refinery 
practice. It is generally understood that there will 
be an increase in the amount of cracking of petro- 
leum products to produce gasoline. If the high speed 
Diesel engine is to continue to enjoy its present 
economic advantage in the matter of low priced fuel, 
it must not compete in the market for the straight- 
run gas oil, which is a desirable and necessary crack- 
ing stock. 

The old idea that a Diesel engine should burn 
anything has been made completely obsolete by its 
entrance into the higher speed fields. In fact, the 
idea had an evil influence from its conception. It 
only encouraged the operator towards carelessness 
with regard to both fuel selection and the matter of 
avoiding contamination. In each case where some- 
one has operated a Diesel engine on some freak fuel, 
he has neglected to state how long the engine would 
operate on such a fuel. 


ENGINE DESIGN CAN BE, AND IS BEING, 
MODIFIED 


Much can be done in the matter of changing both 
fuel and engines better to adapt them to each other. 
Compression ratios can be modified within a limited 
range. Increasing the compression ratio will help 
solve fuel-ignition problems, but usually increases 
the maintenance problems. The engine designer can 
make changes which affect the temperature of some 
particular part or parts of the combustion chamber. 
Pump design, manner of fuel injection, and control 
ot air and gas movement during combustion, as well 
as control of combustion itself, offer opportunities of 
Solving problems that might otherwise. require the 
use of more costly fuel for satisfactory operation. 
Air and gas movement during combustion in solid 
Injection engines is being controlled at the present 
time by four general types of combustion chambers: 
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HE development of the high-speed Diesel en- 

gine depends as much upon proper fuel speci- 
fications as upon engine design. Therefore, refin- 
ers and engine builders will find it advantageous 
to cooperate in solving fuel problems. 

The various items included in specifications are 
discussed briefly. The importance of ignition 
quality and its effect on engine operation are em- 
phasized. Units of its measurement are defined. 

Typical specifications, as used by various engine 
builders, refiners, and operators have been grouped 
in tabular form to show the spread in present limi- 
tations. Some of the classifications proposed by 
the American Society for Testing Materials have 
been included in the table for comparison. These 
may well be used as a basis for working out more 
uniform specifications. 

The low cost of fuel oil is due to its position as 
a by-product of refineries, so that the same em- 
phasis cannot economically be placed upon its re- 
finement as in the case of motor gasoline. How- 
ever, the proper selection of the fuel from perti- 
nent specifications will enable an engine user to 
obtain good operation at a minimum fuel cost. 

This paper was presented at the Fifth Mid-Year 
Meeting, American Petroleum Institute, Tulsa, May 
15, 1935. 








viz., the open head, the pre-combustion chamber, 
the divided chamber, and the air cell arrangement. 


PRESENT DIESEL-FUEL SPECIFICATIONS 

In order to determine the limits of present Diesel 
fuel specifications, a tabulation of limits has been 
set up from a study of available specifications. Table 
1 shows how the limits of actual specifications com- 
pare with the classification offered by Committee 
D-2 of the American Society for Testing Materials 
(A.S.T.M.). These data do not represent a complete 
survey by any means, but they do show a rather 
wide spread in values as stated by different com- 
panies. The A.S.T.M. offers data for two more 
classes of Diesel fuel oil, but they have not been in- 
cluded in this table. It is obvious that greater uni- 
formity in specifications would simplify matters, and 
the A.S.T.M. proposal is a step in the right direction. 


PROPERTIES OF DIESEL FUELS 
Committees that have studied the Diesel fuel sit- 
uation seem to be agreed that viscosity and ignition 
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TABLE 1 
Typical Diesel Fuel Specifications—1935 
" Speeds Over 1,000 | Speeds Under 1,000 
R. P.M.’ R. P.M.’ ASTM 
4-D 
Manufac-| ASTM | Manufac- Speeds 
turers, | 3-D, Over! turers, | Refiners, |Railroads, Not Over 
ASTM 12 Com- 360 5 Com- | 5 Report- | 5 Report- 400 
1-D panies | R. P.M.|. panies ing ing Navy R. P.M, 
ns ws pea dies ceo esdeeees Shiver ieivk ee Sa es Ore Fe wakas 30-70 28-36 Ee eee 
Viscosity, Saybolt Universal, at 100° F., sec. (minimum)......... 32-50 30-100 32-70 35-150 40-60 Se La Gan ee ee 500 
maximum 
NN IE OTEEE ELEY LTE OE EE Oe 35 0-30 35 0 0-15 0-35 0 35 
Carbon residue, percent (maximum).................-0.eeeeeee: 0.2 4.0 0.5 0.5 0.05—-1.25 0.5 0.5 3.0 
ie ns wp wns dieslive nat ecs ach Sense et re 0.3-1.5 | 0.63—1.50 0.5-1.0 mae: > 3.0% oe 
Nee nn ek wila sic cniccasecd “swaeas Sh Seer ee E aceecu- © Cpe = eae 
Bottom sediment and water, percent (maximum)................ 0.05 nil-1.0 0.20 | Trace—1.0 0-0.5 | 0.1-0.3 0.05 0.6 
ee ee ve ceca seed cocn 0.01 0.02-0.05 0.02 0.05 | Trace—0.05 0.05 0.01 0.04 
SS ESE SST TET ETE 115 150 150 150-190 ree 150 150 150 
Ignition Quality: 
oe. St dein bids’ seine bie spas ex cies *50 50-60 *40 are tt Gee *30 
oso. , ce MSE Cenc ccsccccaeccece *45 37-47 se... RB Fak ES + ee, CS 6 tay aah Ee on Bing Be a SARS. *20 
i MONG. sos aba Wedes Go's soos ccs ccccceves kt ee ME: Praca Ee deek be nem eae Toe Seeced *9.8 





























ASTM fuel-oil classification, reference No. 15. 
*Suggested. 


characteristics are the two most important proper- 
ties. The problem of ignition rating will be discussed 
later. 

Viscosity of Diesel fuel is usually stated in Say- 
bolt Universal seconds at 100°F., although in some 
cases it is also specified at a lower temperature. It 
is an important property because of the necessity 
for lubricating the fuel pump. Moreover, the rate of 
burning of the fuel is retarded with the increased 
drop size, which results from increased viscosity. 

Bottom sediment and water (B. S. & W.) are 
usually stated in percent, and the maximum allow- 
able stated in specifications. The limits vary from 
nil to one percent. This item has come to be more 
of a problem as manufacturers go to smaller orifices 
in the nozzles for the open type heads and the 
smaller cylinder bores of the high speed engine. Va- 
rious types of filters have been only partly success- 
ful in taking out the very fine material which in- 
creases wear and partly clogs nozzles to cause poor 
fuel distribution. 


Pour point is important if engines are to be oper- 
ated outdoors in cold weather. Either the fuel must 
run to the pump at the atmospheric temperature or 
heat must be supplied to raise its temperature above 
the pour point. Some engine manufacturers state 
that the pour point must be 10 to 15 degrees below 
the minimum operating temperature. 

It is a little difficult for one to feel that vapor lock 
in Diesel fuel lines will become a serious matter, 
although the American Committee at the World Pe- 
troleum Congress expressed the belief that it was a 
problem. 


The maximum allowable sulfur content is com- 
monly limited at about 1 to 1.5 percent. Within 
reasonable limits, the amount of sulfur that can be 
handled without harmful effects seems to be mostly 
a matter of conditions of operation. Corrosion has 
been reported in crankcases and in places where the 
moisture of the exhaust condenses. Sulfur is apt to 
be more of a problem for intermittent operation dur- 
ing cold weather conditions. 

Conradson carbon tests show the residual content 
of the fuel when distilled or burned with insufficient 
air. Many engine manufacturers feel that, in the 
absence of a better test, it serves a useful purpose in 
the specifications. The only purpose of altering the 
test would be more nearly to simulate conditions as 
they occur in the actual engine. The specification 
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undoubtedly limits the amount of heavy residue stock 
that may be added to the blend. 

In the case of overhead distillates, the ash content 
is negligible. It is not specified extensively, but it 
might be used as a means of keeping down the pro- 
portion of residual stock in the blend. Asphaltum 
content and neutralization number are not used to 
any extent in present specifications, and are generally 
considered to have but little, if any, value. 

Flash point is included only to limit the fire hazard 
during storage and handling. It is given no meaning 
in regard to engine performance. Gravity is expressed 
in units of the A.P.I. scale. When taken alone, it is 
not always a safe criterion. However, when con- 
sidered with other properties, such as viscosity, it 
becomes a measure of the paraffinicity of an oil. 

Boiling range or volatility of Diesel fuel appears in 
only a small portion of the available specifications. 
Four companies, out of 16 reporting, state maximum 
initial points from 380 to 450°F., and 90 percent 
points of 675 to 700°F. In place of the initial point, 
two companies state the 10 percent point as 460°F. 
Four of these same companies state end points of 
696 to 750°F. There is some disagreement among 
authorities as regards whether or not the fuel must 
evaporate before it burns. However, there is agree- 
ment that a fuel’s volatility taken alone does not 
permit one to judge its behavior during the period 
of ignition. 

IGNITION QUALITIES 

Recent combustion studies have made possible a 
better selection of Diesel fuel to fit engine require- 
ments. The objection to ignition lag is that it allows 
the fuel entering the combustion chamber to accumu- 
late for an instant. Then, when it starts to burn, 
the entire quantity in the chamber burns suddenly 
and causes roughness of operation. Also, a fuel of 
poor ignition qualities causes starting difficulties. 
With a better knowledge of ignition lag has come 
the development of a system for measuring this 
characteristic of the fuel. Moreover, it has been 
necessary to establish a unit of measurement. 

Cetene number seems to be the most generally- 
accepted unit at the present time. Cetene is a pure 
chemical, and is used in the same manner as octane 
is used for rating gasoline—although its behavior ™ 
an engine is just opposite. Cetene number is defines 
as the percentage of cetene in a blend of cetene an 
alphamethyl-naphthalene which has the same ignition 
quality as the fuel under test. The tests must be 
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carried out in a specified engine under a definite set 
of engine conditions. It may be determined by 
bracketing the unknown between two known fuels 
just as for octane rating; or it may be determined 
from the critical compression ratio, and read from a 
calibration curve previously determined for the 
engine. 

Critical compression ratio must be determined on 
a C. F. R. engine as modified to run as a Diesel en- 
gine. The critical compression ratio is obtained by 
motoring the engine at 600 r.p.m. and noting the 
compression ratio at which firing occurs within three 
seconds after the fuel has been injected. 


NEW TYPE C.F.R.-DIESEL FUEL TEST ENGINE 

Experiments are being made to determine whether 
or not better correlation of results can be obtained 
between different laboratories by the use of an en- 
tirely re-designed head for this engine. It uses a 
divided combustion chamber which permits changing 
the compression ratio by adjusting the position of a 
plug. Also, this engine may be used to rate fuels 
by measuring the ignition delay with a modified 
bouncing pin arrangement. 

The relation between cetene number and critical 
compression ratio (C.C.R) is given in Table 2. This 
relation is necessarily approximate, for its actual 
value will differ somewhat for different engines. 
Cetene number seems to have an advantage in that 
its values are well distributed over the range of 
Diesel fuels. Rendel states that the general range 
of fuels from American crudes lies between 33 and 
75 cetene numbers, while gas oils from cracked stocks 
vary from about 35 to 55. Foster gives: 


Cetene No. 
Straight-run Mid-Continent gas oil........... 60 
Straight-run West Texas gas oil............ 45-55 
Mixed Mid-Continent cracked furnace oil.... 40-45 
Liquid-phase cracked distillate bottoms...... 40-45 
Vapor-phase cracked distillate bottoms...... 30 + 


Diesel index number may be calculated from ani- 
line point and A.P.I. gravity at 60°F. It is the prod- 
uct of the two divided by 100. 

Aniline point is the lowest temperature (°F.) at 
which equal parts by volume of freshly distilled ani- 
line and the test sample of oil are completely mis- 


TABLE 2 


Approximate Conversion Chart for Diesel-Fuel 
Ignition Ratings 








A Cc D 
Cetene B Diesel | Heptane E 

No. C.C.R. | Index No. Remarks 

30 12.0 he 33 

35 11.0 11 41 Rough fuel. 

es a ee ae 85} [OK in well-designed high-speed engines 
50 8.5 35 100 

55 8.2 42 ei Good fuel. 

4 Lf = “ } May be noisy in some engines at 
70 7.6 56 ee light loads. 

75 7.4 59 

















B and C—See reference 17. 
D—See reference 1. 
E—See reserence 22. 


cible. It is determined by heating such a mixture 
in a jacketed test tube to a clear solution and not- 
ing the temperature at which turbidity appears as 
the mixture is cooled. 

Diesel index has the advantage of being easily de- 
termined in the field, and gives a fair approximation 
of the ignition rating. . 


Moore and Kaye have proposed using a viscosity- 
gravity constant as rating for ignition qualities. They 
have worked out an equation that involves the use of 
specific gravity (at 60°F.) and kinematic viscosity 
at 100°F. (in millistokes). The viscosity-gravity 
constant can be determined and converted to cetene 
numbers by chart, or the cetene number can be deter- 
mined directly from the viscosity and gravity. This 
permits obtaining approximate cetene numbers with- 
out a test engine. They claim an accuracy of about 
plus or minus two cetene numbers for most fuels. 

Heptane number: The percent of heptane blended 
with octane to match the unknown fuel has been pro- 
posed as a unit for rating ignition quality of Diesel 
fuel. Table 2 shows that heptane numbers do not 
cover completely the range of Diesel fuels. 


FUEL DOPES 


It is not thought that cetene rating of Diesel fuels 
will become anywhere near so important as octane 
rating now is for the gasoline engine. However, the 
possibility exists of using dopes to hasten ignition in 

(Continued on page 306) 
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UNIONTOWN 


uel Data Correlation 


NEIL MacCOULL, 


Chairman 


GRAHAM EDGAR, 


CFR Detonation Subcommittee 


D. P. BARNARD, 


Special Subcommittee 


T THE September 17, 1934, meeting of the De- 

tonation Subcommittee? a motion was passed to 
“investigate the effect of correlation with the pres- 
ent road data, of laboratory ratings made at mani- 
fold temperatures of 200, 225, 250, 275, and 300° F.” 
Direction of this investigation was placed in the hands 
of a special subcommittee consisting of Messrs. Neil 
MacCoull, D. P. Barnard, and Graham Edgar. Arrange- 
ments were then made for the reserve stocks of Union- 
town gasoline to be shipped in one-gallon cans to one 
of the special subcommittee members, who coded and 
shipped them to the testing laboratories of the Detona- 
tion Subcommittee members. Operating instructions 
were mailed on October 18 and November 19, 1934, to 
the same laboratories, so that a uniform test procedure 
would be used by all. (See Appendices 1 and 2 for these 
instructions). 


DATA 


The rather voluminous data have been compiled in 
the attached 11 tables. Tables 1 to 5, inclusive, give the 
anti-knock values obtained at manifold temperatures 
of 200, 225, 250, 275, and 300° F., respectively, in terms 
of percent reference fuel C-8 in A-3. Averages are 
shown for each fuel by all laboratories, as well as for 
each laboratory on all fuels. The former were of value 
in establishing a statistical value for each fuel, while 
the latter were of value in determining the mean devia- 
tion of each laboratory from the statistical average. 

These averages do not include the Standard Oil 
Company of California, since they gave data for only 
three of the five temperatures, and it was considered 
desirable to average the same laboratories in all cases. 
It is of interest to note that in submitting their data, 
this laboratory stated that only three temperatures had 
been reported, because they had found a straight line 
relationship between anti-knock value and manifold 
temperature. 


FUELS 


All branded commercial fuels were taken from re- 
serve stocks of the same fuels used at Uniontown, ex- 
cept fuel No. 4, which was omitted because of insuffi- 
cient stock. The research fuels, however, (b-1 to b-9, 
inclusive) were blended from reserve stocks of their 
components. A comparison of the anti-knock values 
obtained at 300° F. with those originally made for the 
road test correlation, indicate an almost universal de- 
preciation ; and, strangely enough, the two cracked Re- 
search Fuels showed the least change. 





‘2See page 6, minutes of meeting of September 17, 1934. 
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at Various Manifold Temperatures 






HE prime object of this work was to determine if 
the A. S. T. M. anti-knock method would give bet- 
ter correlation with the Uniontown road data by 
operating at some manifold temperature lower than 
300° F. While the average of all fuels in all Union- 
town cars was only 0.36 of an octane number higher 
than by the A. S. T. M. method, some fuels showed 
deviations of 1 to 2 octane units; and it was thought 
that lowering the manifold temperature might bring 
these extreme cases into better alignment, while not 
lowering the average further from true correlation. 
It was found that while lowering the manifold tem- 
peratures raised the values for some fuels about 
twice as much as others, the anti-knock values of 
those fuels showing the poorest correlation by the 
A. S. T. M. method were, in general, changed but 
little more than the fuels showing good correlation. 
The mean anti-knock value’ of all fuels tested was 
found to rise 2.0 octane numbers for each 100° F. 
drop in manifold temperature. Thus, average corre- 
lation with the Uniontown values would result at a 
manifold temperature of about 280° F.; while at 
260° F. the average deviation would equal that found 
for 300° F., but would be of opposite sign. In other 
words, while the C. F. R. Committee, in general, felt 
that the agreement with the A. S. T. M. method was 
satisfactory, any manifold temperature from 260 to 
300° F. would have given an agreement as good or 
better. 

This applies only to the average values of all fuels. 
An interesting feature developed was that segrega- 
tion of the fuels into two groups, consisting of the 
Branded Commercial gasolines and the Research 
Fuels, revealed widely different results, in spite of 
the fact that both groups were of essentially similar 
composition. Average correlation with the Union- 
town Hill data for the latter group would have re- 
sulted at a manifold temperature of only 237° F., 
but the former group would have required 340° F., 
a differencé of 103° F. 

A secondary object of this investigation was to de- 
termine if in rating these Uniontown gasolines the 
deviations between different laboratories were in- 
fluenced by the manifold temperature. It was found 
that the mean deviation was reduced as the tempera- 
ture was reduced. 

This report was presented at the Mid-Year Meet- 
ing, American Petroleum Institute, May 15, 16, 1935, 


at Tulsa. 
1In terms of the standard reference fuels. 
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A.S.T.M. Rating (300°F.) Percent C-8 in A-3 
Uniontown -- 
Code Avg. Original New or 
Number A & B Series T-Series Difference 
1 72.0 69.4 —2.6 
3 98.0 95.9 —2.1 
6 76.0 73.3 —2.7 
13 73.5 70.2 —3.3 
14 22.5 20.9 —1.6 
16 78.0 74.2 —3.8 
b-1 80.0 80.4 +0.4 
b-2 65.0 64.6 —0.4 
b-3 65.0 64.5 —0.5 
b-4+ 60.0 57.8 —2.2 
b-5 79.0 77.3 —1.7 
b-6 75.0 pe hs —3.3 
b-7 90.0 88.2 —1.8 
b-8 71.0 70.2 —0.8 
b-9 84.0 82.3 —1.7 
Average....... 72.6 70.7 —1.9 

















This change in anti-knock values makes it somewhat 
dificult to make a correlation with the road data; but 
the liberty has been taken of assuming that the anti- 
knock rise, due to lowering the manifold temperature, 
is about the same for the samples when tested this last 
time as when tested previously. For this reason, Fig- 
ure 1 has been prepared, showing the rise of anti-knock 
value for each fuel at non-standard manifold tempera- 
tures. A heavy straight line has been drawn through 
the circles which represent the average values at each 
temperature. While two of the circles do not fall on 
this line, they are only 0.3 percent C-8 off, or about 
0.1 of an octane unit, which may be considered within 
the limits of error. 

Figure 1 is of particular interest for the following 
reasons: viz., 

1. It appears that a straight line relation exists be- 
tween manifold temperature and anti-knock values. 

2. Fuel b-1 is only slightly more sensitive to tem- 
perature than the next two most sensitive fuels, and 
is not radically different in this respect from most 
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of the group. This is contrary to what might be 
expected from a consideration of the differences be- 
tween the Research Method and the Motor Method 
for these fuels, the difference being almost twice as 
great for fuel b-1 as the next most sensitive fuel. 


3. Even fuels such as b-9, the California Straight 
Run, and No. 14, which is assumed to be a straight 
run product, show a rise in anti-knock value with 
decreasing manifold temperature. 

4, The benzol blend, b-8, is not particularly sen- 
sitive to temperature, being less sensitive than the 
average. 


5. The branded fuels, indicated by dotted lines are, 
in general, less sensitive than the research fuels, 
which are indicated by the solid lines. Thus, the 
research fuels might be expected to be more difficult 
to correlate, and to require a higher jacket tempera- 
ture for this purpose, because the branded group are 
more similar to straight run fuels which are relatively 
immune to temperature. 


6. Average correlation with the Uniontown Hill 
ratings would result from use of a manifold tempera- 
ture of 280° F. (since the average of all ratings ob- 
tained on the road was 0.36 of an octane number, 
or 1.05 percent C-8 higher than the average of all 
fuels by the A. S. T. M. method) ; and lowering the 
temperature an equal amount again (to 260° F.) 
would result in the same average deviation between 
the two methods, but of opposite sign. 

It is interesting at this point to segregate the re- 
search fuels from the branded fuels, for, as shown in 
5 above, the former group was more sensitive than 
the latter, the sensitivity being 6.3 percent C-8 for 
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each 100° change in manifold temperature for the 
former, and 4.3 percent for the latter. Now, Table 7 
of the Detonation Subcommittee’s report of Novem- 
ber 1, 1934, gives “Hill” and “Motor Method” values 
which can be segregated between these two groups as 
follows; where values are expressed in percent C-8 
for the Hill ratings, and converted into similar values 


from the A. S. T. M. octane numbers by the calibra. 
tion curve II (e)—1 of the Data Book: 





Research Group Branded Group 

Hill Rating ...........78.0% C-8 64.5% C-8 
A. S. T. M. Rating.....74.5% 66.6% 
Difference ..........+3.5% —2.1% 


From these data, and by making use of the sengj- 


TABLE 1 


Anti-Knock Rating in Terms of Per Cent C-8 in A-3 
At 200° F. Mixture Temperature 




































































































































































Uniontown Code B-5 B-6 B-4 | B-3 B-7 | B-8 B-2 B-1 B-9 13 14 3 1 
T-Series T-3 | T-4 | T-5 | TT-6| T-7 | TT-8| T-9 | T-10 | T-11 | T-12 | T-13 | T-15 | T-16 | T-17 | T-18 Average 
Gulf Refining Company.............. 88.5 | 80.8 | 64.3 | 74.4 | 97.9 | 78.1 | 75.6 | 91.7] 89.8 | 78.8 | 77.5 | 24.5] 106.0* | 81.9 | 77.5 79.2 
Standard of Indiana.......... 87.8 | 80.7 | 64.5 | 73.0 | 99.0} 71.2 | 71.3] 91.5 | 85.5 | 79.2 | 77.0 | 22.0 | 104.0* | 81.7 | 77.5 77.8 
Universal Oil Products..............- 84.0 | 80.0 | 64.0 | 71.0 | 96.0} 73.0 | 77.0 | 87.0 | -85.0 | 78.0 | 73.0 | 23.0 | 106.0* | 78.0 | 73.0 76.5 
Bureau of Standards...........++-++: 86.4 | 79.9 | 66.4] 72.8 | 95.2 | 826] 71.8 | 89.1 87.3 | 79.6 | 76.8 | 25.5 | 104.0* | 79.9 | 75.5 78.2 
Ethyl Gasoline Corporation.......... 87.0 | 80.0 | 65.0 | 73.0 | 98.0 | 78.0 | 73.0 | 92.0} 82.0 | 80.0 | 78.0 | 23.0 | 104.0* | 82.0 | 77.0 78.2 
Pure Oil Company. ............-4+55 84.5 | 78.6 | 65.8 | 67.5 | 97.5 | 79.0 | 70.5 | 87.0 | 86.0} 81.2 | 77.0 | 240] 106.8* | 80.6] 70.6 77,2 
Sun Oi] Company..........ccseeeeds 84.4 | 80.0 | 63.0 | 70.5 | 97.1 75.2 | 70.0} 86.9 | 83.8 | 78.5 | 76.1 | 23.5} 101.0* | 79.2 | 70.0 76.0 
Phillips Petroleum Company.........| 83.3 | 77.8 | 62.8 | 69.5 | 93.5 | 73.0 | 70.0 | 85.8 | 84.3 | 77.8 | 76.3 | 22.5 99.5 80.5 | 76.8 75.5 
Sinclair Refining Company........... 84.2) 81.5 | 67.0 | 70.8 | 95.5 | 740] 72.4] 90.3} 83.9 | 78.5 | 75.2 | 28.5 | 100.0 82.0 | 74.5 77.2 
Waukesha Motor Company.......... 85.6 | 77.6 | 65.0 | 72.4 | 95.6 | 764 | 71.9 | 94.0] 840] 78.0 | 75.1 21.4 107.0* | 79.4 | 76.6 77.3 
Atlantic Refining Company........... 84.0 | 77.0 | 63.0 | 70.0 | 99.0} 73.0 | 71.0 | 88.0} 83.0 | 79.0 | 74.0 | 20.0 100.5* | 81.0 | 70.0 75.5 
Doherty Research Company.......... 85.5 | 79.0 | 64.0 | 73.0 | 99.0] 81.0 | 70.5 | 93.0} 82.5 | 77.0 | 74.0} 25.0 | 103.0* | 77.0 | 73.0 77.1 
General Motors Corporation.......... 81.8 | 746 | 61.8} 70.2 | 94.7] 76.8] 70.3 | 85.6] 84.1 78.5 | 75.8 | 25.7 | 100.0 76.6 | 77.7 75.6 
Standard Development Company..... 84.0 | 78.0 | 62.0 | 71.0 | 97.0 | 77.0 | 70.0} 88.0} 82.0 | 79.0} 75.0} 22.0} 105.0* | 80.0 | 70.0 76.0 
The Texas Company..............-. 82.0 | 76.3 | 59.5 | 69.3 | 93.7 | 74.5 | 69.0 | 87.0 | 82.0 | 75.5 | 73.0 | 22.7 | 104.0* | 7E. 74.5 74.6 
Socony-Vacuum Corporation.........| 85.0 | 78.0 | 64.0 | 72.0 | 97.0 | 75.0 | 71.0 | 90.0 | 81.0] 78.0 | 71.0} 25.0 | 100.5* | 79.0 | 75.0 76.1 
Tide Water Oil Company............ 87.0 | 77.5 | 62.5 | 73.0 | 95.5 | 73.5 | 71.0 | 90.5 | 83.5] 79.0 | 74.5 | 24.5 100.0 79.0 | 76.0 76.5 
Continental Oil Company............ 82.0 | 77.5 | 62.0 | 68.0 | 93.5] 71.0} 68.0 | 87.0 | 81.0] 78.0 | 74.0 | 22.0 | 100.0 77.5 | 74.0 74.4 
Shell Petroleum Company............ 84.5 | 77.0 | 63.0 | 71.5 | 96.0 | 74.0 | 68.0] 87.5] 81.5 | 76.0} 73.0} 28.0 | 100.5* | 76.5 | 71.5 75.2 
PR cb bbcSebvicec et cae ssccccces 84.8 | 78.5 | 63.6 | 71.2 | 96.4] 75.6 | 71.2 | 89.1 83.8 | 78.4 | 75.1 23.8 102.8* | 79.4 | 74.3 76.5 
Standard of California............... 88.5 | 81.8 | 68.0 | 78.0 | 96.6 | 78.2 | 77.2 | 95.0} 85.2 | 80.9 | 77.6 | 23.3 | 100.0 82.6 | 77.4 79.4 
*Extrapolated value. 
TABLE 2 
Anti-Knock Rating in Terms of Per Cent C-8 in A-3 
At 225° F. Mixture Temperature 
Uniontown Code B-5 | B-6 | B-4 | B-3 | B-7 | B-8 | B-2 | B-1 | B-9 13 | 14 3 16 1 | Average 
T-Series T-3 | T-4 | T-5 | TT-6| T-7 | TT-8| T-9 | T-10 | T-11 | T-12| T-13 | T-15| T-16 | T-17| T-18 
Gulf Refining Company.............. 88.5 | 80.8| 642| 738] 978| 77.5| 73.2| 906] 89.2 | 782| 77.5| 24.1 | 107.0*| 81.5| 763| 787 
Standard of Indiana...............+. 86.2 | 79.7 | 63.2| 71.5 | 97.5] 71.2| 71.0| 90.7] 850] 786| 76.0| 21.5] 102.5*| 81.4| 771 | 769 
Universal Oil Products.............-- 86.0 | 80.0 | 61.0} 70.0 | 98.0 | 72.0} 75.0 | 87.0 | 85.0 | 79.0 | 73.0 | 22.0] 105.0* | 77.0 | 74.0 76.2 
Bureau of Standards..............+.-- 83.1 77.6 | 64.3 | 71.9 | 93.4] 79.7 | 69.4 | 86.3 84.0 | 78.1 75.2 | 24.2 101.2* | 79.1 77.0 76.3 
Ethyl! Gasoline Corporation.......... 82.0 | 76.0 | 62.0 | 68.0} 96.0 | 72.0 | 69.0 | 85.0} 81.0 | 77.0] 77.0 | 21.0 | 102.5* | 77.0 | 73.0 74.6 
Pure Oil Company. .......5-seeeeeee 83.5 | 77.5 | 63.9 | 66.8 | 96.8 | 77.4 69.1 | 85.6 | 85.0 | 79.1 | 75.7 | 23.0 | 105.0* | 79.0 | 70.0 75.8 
Sun Oil Company.......-..0.---0++ 82.2 | 80.0] 64.1 | 705] 96.5| 743] 70.5| 86.5| 83.7| 778| 76.0| 22.5] 101.0*| 80.0| 705| 757 
Phillips Petroleum Company......... 82.0 | 76.5 | 61.5 | 68.5 | 92.5 | 71.5 | 69.0 | 845] 845] 77.0 | 74.5] 22.5 99.5 79.0 | 74.5 74.5 
Sinclair Refining Company........... 83.2 | 80.0 | 65.5 | 67.2 | 94.5 73.0 | 70.4 | 86.8 | 82.7 | 77.7 | 43.5] 25.5 99.5 80.0 | 71.0 75.4 
Waukesha Motor Company.......... 82.9 | 74.7 | 62.0 | 70.5 | 94.0] 73.0 | 70.0 | 89.0 | 83.4] 75.0 | 74.0 | 21.2 100.0 78.5 | 74.3 74.8 
Atlantic Refining Company........... 84.0 | 76.0 | 63.0 | 70.0 | 96.0 |} 73.0 | 70.0 | 85.0 | 83.0 | 76.0 | 74.0 | 20.0] 100.5* | 80.0 | 70.0 74.7 
Doherty Research Company.........- 82.5 | 77.0 | 61.5 | 69.5 | 89.0 | 77.0 | 69.0} 91.0] 81.0] 75.0 | 74.0 | 24.5 | 102.5* | 75.0 | 71.0 74.6 
General Motors Corporation.......... 80.7 | 74.9 | 59.6 | 68.7 | 91.7 | 73.3 | 68.3 | 86.5 | 83.6 | 77.6 | 74.4 | 23.3 98.4 77.0 | 74.0 74.2 
Standard Oil Development........... 82.0 | 75.0 | 57.0 | 69.0 | 90.0 | 69.0 | 70.0 | 85.0 | 79.0 | 75.0 | 72.0 18.0 97.0 77.0 | 71.0 72.4 
The Texas Company............+++. 81.2 | 75.5) 59.5 | 688 | 92.5 | 75.0} 69.0 | 85.2 | 81.0} 76.3 | 72.4] 23.0 | 101.0* | 75.3 | 74.4 74.0 
Socony-Vacuum Corporation... ......| 81.0| 740] 61.0| 640] 90.0| 70.0] 66.0| 83.0| 81.0| 75.0| 72.0] 23.0| 96.0 | 77.0| 70.0| 72.2 
Tide Water Oil Company............ 82.0 | 71.5 | 59.5 | 68.5 | 90.5 71.0 | 67.0 | 83.0 | 83.0 | 74.5 | 74.5 | 24.5 100.0 74.5 | 73.5 73.2 
Continental Oil Company............ 82.0 | 76.0 | 60.0 | 67.0 | 93.0 | 71.0 | 68.0 | 85.5 | 82.0} 77.5 | 74.0 | 22.0 96.0 76.0 | 73.0 73.5 
Shell Petroleum Company............ 81.0 | 74.5 | 61.5 | 70.5 | 91.0; 74.0 | 67.0 | 87.0 | 82.0 | 76.0} 72.5 | 26.0 96.5 76.5 | 68.0 73.6 
BWCTORE oon ccc cccnsccccvesccrecccces 83.0 | 76.7 | 61.8] 69.2 | 93.8 | 73.4 | 69.5 | 86.5 | 83.1 76.9 74.3 | 22.7 100.6 78.0 | 72.8 74.8 
*Extrapolated values. 
TABLE 3 
Anti-Knock Rating in Terms of Per Cent C-8 in A-3 
At 250° F. Mixture Temperature 
Uniontown Code B-5 B-6 | B-4 B-3 B-7 B-8 B-2 B-1 B-9 13 1 3 1 1 
T-Series T-3 T-4 | T-5 | TT-6| T-7 | TT-8| T-9 | T-10 | T-11 | T-12 | T-13 | T-15 | T-16 | T-17 | T-18 | Average 
Refining Company.........-.+-+- 86.4 | 79.9 | 643] 71.8 | 96.3 | 76.9 | 71.3 | 90.4] 87.7 | 78.1 | 76.5] 24.1 106.0* | 80.5 | 75.8 77.7 
in of br oom a RS SOT Te 85.3 | 79.0 | 63.7 | 70.8 | 96.7! 72.3} 70.6 | 89.0] 86.0} 78.5 | 76.5 | 21.7 | 100.2* | 81.5 | 77.3 76.6 
Universal Oil Products...........++++ 82.0 | 80.0 | 64.0 | 70.0} 96.0 | 72.0} 77.0 | 86.0 | 85.0] 81.0 | 74.0] 22.0 | 108.0* | 77.0] 73.0 76.5 
Bureau of Standards...............++ 80.5 | 76.4 | 61.5} 70.2 | 91.7 | 77.8 | 67.5 | 83.8 | 81°99 | 76.5 | 73.6 | 22.3 99.5 77.6 | 75.6 74.4 
Ethyl Gasoline Corporation.......... 82.0 | 78.0 | 63.0} 68.0 | 95.0 | 72.0} 69.0 | 85.0} 82.0.) 77.0 | 75.0 | 21.0 | 102.5* | 77.0] «3.0 74.6 
Pure Oil Company. . ......-.--eee+55 82.0 | 76.4 | 62.2 | 65.6 | 94.6 76.2 68.0 | 83.0 | 83.8 | 77.2 | 74.1 | 22.2 | 103.0 77.5 | 68.8 74.3 
Sun Oil Company. .........-.+++-+5- 82.2 | 76.5 | 61.6 | 70.0 | 93.6 72.8 | 70.0 | 83.8 | 82.0 | 76.5 | 73.6 | 20.0! 100.0 78.2 | 69.0 74.0 
Phillips Petroleum Company......... 80.0 | 75.3 | 61.5} 67.6 | 90.3 | 72.3 | 68.0 | 83.0] 83.8 | 75.8] 73.3 | 22.8 vo. | 77.5 | 74.5 73.5 
Sinclair Refining Company........... 81.2 | 77.5 | 618] 65.8 | 92.2 | 72.4] 67.8 | 86.3] 82.5 | 75.0] 72.5 | 25.4 97.0 76.2 | 71.0 73.6 
Waukesha Motor Company.......... 80.8 | 73.8 | 60.0} 68.3 | 92.8 | 70.9 | 68.4] 85.8] 83.6 | 74.4] 71.9] 21.8 98.5 78.2 | 72.5 73.4 
Atlantic Refining Company.......... 80.0 | 74.0 | 63.0 | 70.0 | 91.0} 73.0 | 69.0 | 81.0} 82.0 | 75.0 | 73.0} 20.0 | 100.5* | 77.0] 68.0 73.1 
Doherty Research Company.......... 80.5 | 73.5 | 59.0} 67.0 | 92.5 75.5 | 67.5 | 85.0] 81.0 | 74.5] 73.0] 24.5] 100.0 75.0 | 70.0 73.2 
General Motors Corporation... ....... 76.7 | 73.3 | 568| 61.1 | 90.7| 728] 658| 80.9| 805| 75.2| 73.4| 214] 99.5 | 80.0] 73.3| 721 
Standard Oil Development........... 86.0 | 79.0 | 62.0| 72.0| 97.0} 72.0| 70.0| 87.0} 80.0| 78.0| 75.0] 20.0} 100.3*| 79.0| 67.0| 749 
The Texas Company. .........-..-+. 79.0 | 74.0 | 58.0} 67.2 | 90.1 | 74.4] 66.7 | 83.2} 81.0] 75.2 | 71.3 } 22.9] 100.0 73.9 | 73.0 72.7 
Socony-Vacuum Corporation......... 80.0 | 75.0 | 60.0 | 66.0} 88.0 | 70.0 | 66.0 | 82.0] 78.0 | 72.0 | 72.0 | 22.0 96.0 77.0 | 72.0} 71.7 
Tide Water Oil Company...........- 82.0 | 71.0 | 61.0 | 68.5 | 87.0} 70.0 | 68.0] 83.5 | 82.0] 74.5] 72.5 | 24.5] 100.0 72.0 | 72.5 72.6 
Continental Oil Company............ 78.0 | 71.0 | 59.0 | 65.0 | 87.0 71.0 66.0 | 81.0 | 84.0] 74.0] 71.0 | 22.0 95.0 75.0 | 71.0 71.4 
Shell Petroleum Company............ 80.0 | 75.5 | 59.0] 70.0 | 89.5 | 72.5 | 67.5 | 85.0 | 83.0] 75.5 | 74.0] 26.5 96.5 77.5 | 67.0 73.3 
SEES I ee 81.3 | 75.7 | 61.1 | 68.2! 92.2 | 73.0 | 68.6 | 84.4 | 82.61] 76.0] 73.5] 22.5] 100.0 77.3 | 71.8 73.9 
Standard of California............... 85.0 | 77.3 | 65.0 | 71.9 | 91.9 | 75.8 | 69.9 | 87.9 | 83.0 77.6 | 73.1] 23.0 96.2 80.0 | 72.7 76.0 







































*Extrapolated values. 
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tivity of the two groups previously enumerated, it 
can be seen that average correlation of the research 
group would result at a jacket temperature of 237° F., 
while the branded group would require 340° F. This 
great difference between these two groups is one of 
the surprising and unaccountable results of the 1934 
Uniontown Hill test, since, as far as is known, there 
is not enough difference in the composition of the 
various fuels in these two groups to cause a differ- 
ence of this sort. 

An attempt has been made to explain this differ- 
ence on the ground that the branded group may have 
contained some natural gasoline, which would have 
boiled off in the carburetors, so that the engines 
would have been supplied with fuels of lower anti- 
knock than the original products. Examination of the 
distillation data of these gasolines reveals that the 
average initial points of the two groups are within 
1° F. of each other, and of average 10 percent points 
are still closer. Even the average Reid vapor pres- 
sures are within 0.1 pounds. Thus, this explanation, 
while apparently reasonable, has to be discarded. 


LABORATORY DEVIATIONS 


The large amount of data necessitated in this in- 
vestigation gave an excellent means for investigating 
the reproducibility of anti-knock readings on the 
C. F. R. engine in various laboratories, as well as 
the agreement of various laboratories with each other. 
Figure 2 has been plotted from the data of Table 6, 
showing averages of all fuels at each manifold tem- 
perature for each laboratory. Column 7 (Table 6) 
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shows the grand average for each laboratory of all 
fuels at all five temperatures. 


The “relative level” of values from each laboratory © 


is indicated in Column 8, as the difference between 
the grand averages and their mean, and is illustrated 
in Figure 3A. It can be seen that this range of 
“relative levels” varies from +3 percent C-8 for the 
Gulf Refining Company to —1.7 percent C-8 for Shell 
Petroleum Corporation—a range of almost 1% oc- 
tane numbers; and it is probably not due to observa- 
tional errors, but to some fixed condition of the 
engine or instrumentation. 

With this attempt to separate instrumental from ob- 
servational errors, the next step is to develop an in- 
dex for the observational errors. This has been done 
in Column 9 of Table 6 by totaling for each labora- 
tory, the differences at each temperature (regardless 
of sign) which remain after deducting the “relative 
level” from the deviations between the average at 
each temperature and the mean of all the laboratories 
at those temperatures. This rather complex expres- 
sion may be explained graphically by consideration 
of a chart on which anti-knock values are plotted 
against manifold temperatures. The total observa- 
tional deviation is determined by totaling the indi- 
vidual deviations, at each of the five temperatures, 
from a straight line parallel to the mean of all the 
laboratories, but a distance from it represented by 
the “relative level” of that laboratory. 

Since each value for any one manifold temperature 
is the average of 15 fuels, a large step has already 
been taken in “fairing out” accidental errors. Such 


relative uniformity is illustrated in Figure 3B, where 
the relative standing of the various laboratories is 
seen to be very different from that of Figure 3A. The 
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best laboratory in this respect has less than one-fifth 
as great a total deviation as the least “uniform.” 
Another and more thorough way to analyze the 
deviations of individual laboratories, but one which 
is more laborious, is to plot “probability curves,” as 
indicated in Figure 5, for three laboratories. Such 





curves were made by determining the deviation of 
every fuel reading, from the average of all labora- 
tories for that fuel and manifold temperature, and 
then plotting the number of deviations which oc- 
curred between 0 and 1 percent C-8, then between 
1 and 2 percent, 2 and 3 percent, etc. The sharpness 


TABLE 5 


Anti-Knock Rating in Terms of Per Cent C-8 in A-3 
At 300° F. Mixture Temperature 














































































































Uniontown Code B-5 | B-6 | B-4 | B-3 | B-7 | B-8 | B-2 | B-1 B-9 6 13 14 3 16 1 
T-Series T-3 | T-4 | T-5 | TT-6| T-7 | TT-8| T-9 | T-10 | T-11 | T-12 | T-13 | T-15| T-16 | T-17 | T-18 Average 
Gulf Refining Company.............. 80.8 | 75.2] 64.4 | 69.1 | 94.0 | 74.7 | 70.1 | 87.6 | 85.7 | 76.1 | 73.3 | 20.3 | 100.0 77.5 | 74.4 74.8 
Standard of Indiana................. 82.5 | 75.5 | 60.3 | 68.0 | 92.2 | 70.5| 67.5 | 86.2] 86.0| 766] 745 | 212| 988 | 77.5| 747| 742 
Universal Oil Products............... 85.0 | 77.0 | 64.0} 69.0 | 92.0 | 72.0 | 71.0 | 86.0} 85.0] 77.0 | 71.0 | 22.0 |. 100.0 77.0 | 73.0 74.7 
Bureau of Standards................. 76.3 | 73.0 | 57.8 | 63.2| 87.8 | 71.7 | 65.1 | 78.1 | 81.6 | 744 | 721] 21.2] 97.0 | 769] 71.4] 712 
Ethyl Gasoline Corporation..........| 77.0 | 73.0 | 58.0 | 65.0 | 90.0 | 68.0 | 64.0} 81.0 | 82.0|] 73.0 | 70.0] 21.0 96.0 73.0 | 73.0 71.0 
MNO Ge COMBOORY 0. oo cc ecco wees 77.5 | 72.2 | 58.6 | 62.5 | 90.5 | 72.5 | 65.0 | 77.5 | 83.2 | 74.9] 71.8] 20.3 99.2 74.3 | 65.5 71.0 
in oa es neces «sie 79.5 | 75.0 | 59.0} 64.3 | 91.9] 68.5 | 64.3 | 82.7 | 82.0] 75.6 | 71.9 | 20.5 | 100.0 77.3 | 65.8 71.9 
Phillips Petroleum Company......... 78.3 | 73.0 | 60.8 | 65.5] 88.8 | 70.5 | 66.0 | 80.0] 83.8 | 75.0 | 72.0] 23.1 95.8 75.5 | 72.5 72.1 
Sinclair Refining Company........... 76.6 | 73.5 | 59.5 | 62.2 | 89.0 | 70.0 | 643] 78.5 | 81.5 | 72.8] 71.2 | 23.7 94.0 74.4 | 68.0 70.6 
Waukesha Motor Company.......... 76.3 | 70.0 | 56.7 | 63.7 | 87.5 | 67.4 | 63.2 | 79.6 | 82.5 | 72.4 | 68.6 | 21.5 94.0 72.6 | 69.1 69.7 
Atlantic Refining Company...........| 77.0 | 70.0 | 58.0 | 68.0 | 88.0] 70.0} 65.0 | 77.0 | 80.0} 72.0 | 71.0 | 20.0 95.0 76.0 | 65.0 70.2 
Doherty Research Company.......... 73.5 | 67.0 | 55.0 | 63.0 | 85.0 | 71.0 | 61.0} 79.0 | 79.0 | 71.5 | 68.0 | 20.0 93.0 72.0 | 65.0 68.2 
General Motors Corporation.......... 74.7 70.5 | 53.6 | 60.0 | 86.0 | 68.1 60.8 | 79.0} 81.1 73.1 71.4 19.4 95.3 73.5 | 71.7 69.2 
Standard Oil Development........... 79.0 | 66.0 | 55.0 | 62.0 | 86.0 70.0 | 61.0 | 80.0 | 83.0 | 70.0 | 71.0 15.0 92.0 71.0 | 64.0 68.3 
The Texas Company................ 75.8 | 71.0 | 55.9 | 63.2 | 87.0 | 70.8 | 63.2 | 80.0] 81.0] 72.5] 68.8 | 21.2 98.1 73.0 | 69.5 70.1 
Socony-Vacuum Corporation......... 78.0 | 74.0 | 60.0 | 69.0 | 87.0 | 70.0 | 67.0 | 84.0 | 80.0 | 76.0} 68.0} 24.0 94.0 76.0 | 71.0 71.8 
Tide Water Oil Company............ 77.5 | 69.0 | 55.0 | 64.0] 86.5 | 67.5 | 62.5] 79.0 | 82.0 | 71.0] 67.0 | 23.0 93.5 70.0 | 70.0 69.2 
Continental Oil Company............ 74.0 | 71.0} 55.0} 62.5 | 85.0 | 71.0} 65.0] 78.0 | 83.0 | 71.0] 68.0 19.0 94.0 71.0 | 72.0 69.3 
Shell Petroleum Company............ 70.0 | 66.0 | 52.0} 61.5 | 81.0 | 70.0} 61.0 | 74.5 | 81.5] 68.0] 64.5 | 21.0 92.5 71.0 | 62.5 66.5 
ee oy oc aieis eae 77.3 | 71.7 57.8 | 64.5 | 88.2 | 70.2 | 646] 80.4] 82.3 | 73.3 | 70.2 20.9 95.9 74.2 | 69.4 70.7 
Standard of California............... 79.5 | 72.2 | 60.0} 66.1 88.4 | 72.2 | 66.4 | 80.6 | 82.4 73.7 70.2 | 20.0 95.0 74.9 | 68.9* 
75.5t 
*No. 1 can. TNo. 2 can. 
TABLE 6 
Average of All Fuels (In % C-8) 
Total 
Deviation 
MANIFOLD TEMPERATURES *‘Labor- from 
Grand atory Own 
LABORATORY 200 °F. 225 °F. 250 °F. 275 °F. 300 °F. Average Level’’ Level 
SOR) RSE ee a (2) (3) (4) (5) (6 (7) (8) (9) 
Se i ccc cece ssceseee 79.2 78.7 77.7 76.4 74.8 77.36 3.75 2.0 
a a 77.8 76.9 76.6 74.8 74.2 76.06 2.45 3.0 
SIE PT ee 76.5 76.2 76.5 75.5 74.7 75.88 2.25 6.4 
ST TSE ED RELL ETE ee 78.2 76.3 74.4 73.1 71.2 74.64 1.03 2.2 
Ethyl Gasoline Corporation................... 78.2 74.6 74.6 72.4 71.0 74.16 0.55 2.6 
on co kc bse ccccccencecece 77.2 75.8 74.3 72.5 71.0 74.16 0.55 1.2 
es goss esd ce eaccevesetes 76.0 75.7 74.0 73.0 71.9 74.12 0.51 2.9 
Sinclair Refining company.................... 77.2 75.4 73.6 71.7 70.6 73.70 0.09 2.2 
Phillips Petroleum Company.................. 75.5 74.5 73.5 72.8 72.1 73.68 0.07 3.9 
Waukesha Motor Company................... 77.3 74.8 73.4 71.1 69.7 73.26 —0.35 3.0 
Atlantic Refining Company................... 75.5 74.7 73.1 71.8 70.2 73.06 —0.55 1.4 
Doherty Research Company.................. 77.1 74.6 73.2 70.2 68.2 72.66 —0.95 5.0 
I bac teas cece cescee 74.6 74.0 72.7 remy 70.1 72.62 —0.99 2.3 
General Motors Corporation.................. 75.6 74.2 72.1 71.8 69.2 72.58 —1.03 2.5 
Standard Oil Development.................... 76.0 72.4 74.9 71.3 68.3 72.58 —1.03 5.5 
Socony-Vacuum Oil Company................. 76.1 72.2 71.7 70.7 71.8 72.50 —1.11 5.8 
eee Wemnee Gtk GOMRDONY. 66... ccc eee 76.5 73.2 72.6 69.5 69.2 72.20 —1.41 3.0 
Continental Oil Company..................... 74.4 73.5 71.4 70.5 69.3 71.82 —1.79 2.1 
Shell Petroleum Company.................... 75.2 73.6 73.3 69.0 66.5 71.52 —2.09 6.3 
Es a so dec cmecvsacadass 76.5 74.8 73.9 72.1 70.7 73.61 he ites 
SPU GOIOOUIR 6 ok oi ic i cece ceca 79.4 ae 76.0 xe 72.2 75.70 2.09 4.7 
*Difference between grand average and average mean (73.61). 
TABLE 7 
Compression Ratio for Anti-Knock Ratings 
200° F. Manifold Temperature 
Uniontown Code B-5 | B-6 | B-4 | B-3 | B-7 | B-8 | B-2 | B-1 B-9 6 13 1 3 1 
s es T-3 | T-4 | T-5 | TT-6| T-7 | TT-8| T-9 | T-10 | T-11 | T-12 | T-13 | T-15 | T-16 | T-17 | T-18 | Average 
Gulf Refining Company.............. 5.96 5.92 5.67 5.77 | 6.16 | 5.96 | 5.87 6.07 5.92 5.92 | 5.89 5.34 6.29 5.97 5.97 5.91 
I os oc oe eeu oc 6.00 | 5.96 5.77 5.84 | 6.20 | 5.84 5.80 | 6.13 | 6.07 5.88 | 5.88 | 5.34 6.38 5.92 5.92 5.92 
Universal Oil Products............... 5.89 | 5.83 | 5.64! 5.72] 598] 5.70} 5.83 | 5.91] 5.881 5.80] 5.73 | 5.30 6.12 5.80 | 5.73 5.79 
Bureau of Standards................. 6.28 | 6.16 | 5.92 | 6.16 | 6.47 | 6.28] 6.16 | 6.28 | 6.28] 6.16 | 6.16 | 5.60 6.66 6.16 | 6.16 6.19 
Ethyl Gasoline Corporation.......... 6.00 | 5.89 5.65 | 5.77 | 6.15 | 5.89 5.78 | 6.05 | 5.94 |- 5.89 5.87 | 5.30 6.20 5.88 | 5.85 5.87 
SS ree §.90 | 5.85 | 5.50 | 5.63 | 6.20 | 5.82 | 5.73 | 6.13 | 5.97 5.87 5.84 5.31 6.23 5.80 | 5.72 5.83 
i cle ec awe cc eves 5.74 | 5.62 | 5.49 | 5.59 | 5.79 | 5.60) 5.54] 5.70| 5.70 | 5.60] 5.60] 5.20 5.80 5.60 | 5.54 5.60 
Phillips Petroleum Company.........| 6.00 | 5.87 | 5.71 | 5.77 | 6.18 | 5.94] 5.79 | 6.00 | 6.00 | 5.87 | 5.87 | 5.32 6.18 5.95 | 5.87 5.88 
Sinclair Refining Company........... 5.96 | 5.91 | 5.72 | 5.72] 6.15} 5.80] 5.81] 6.10 | 5.96] 591] 5.86] 5.38 6.26 5.94 | 5.72 5.88 
Waukesha Motor Company.......... 5.89 | 5.83 | 5.64] 5.72 | 5.98 | 5.70} 5.83] 5.91 | 5.88 | 5.80] 5.73] 5.30 6.12 5.80 | 5.73 5.79 
Atlantic Refining Company........... 6.15 | 5.95 | 5.70 | 5.90] 6.21 5.90 | 5.95 | 6.15 | 6.15 | 6.00] 5.95 | 5.23 6.35 6.15 | 5.95 5.98 
Doherty Research Company.......... 6.10 | 5.95 | 5.81 | 5.95 | 6.30] 6.08 |} 5.93 | 6.15 | 6.00] 5.91 | 5.85] 5.30 6.20 5.90 | 5.85 5.95 
General Motors Corporation.......... 5.94 | 5.85 | 5.67 | 5.76] 6.10 | 5.85 | 5.76} 6.01 | 6.01 | 5.94] 5.85] 5.30 6.26 5.80 | 5.85 5.86 
Standard Oil Development........... 5.82 | 5.70 | 5.62 | 5.69 | 6.01 | 5.82/] 569] 588 | 5.94] 5.94] 5.74] 5.26 6.20 5.82 | 5.79 5.79 
The Texas Company................ 5.60 | 5.60} 5.50 | 5.50 | 5.80) 5.63] 5.50] 5.80] 5.60] 5.60] 5.60] 5.20 5.80 5.60 | 5.60 5.60 
| pong Ay oe Oil Company........ 6.00 | 5.84 | 5.46] 5.80 | 6.20] 5.80] 5.80 | 6.07 | 6.00] 5.88 | 5.80] 5N7 6.31 5.84 | 5.80 5.84 
Tide Water Oil Company............ 5.53 | 5.38 | 5.20 | 540) 565] 5.38 | 5.30] 565 | 5.57] 5.47] 5.37 | 489 5.94 5.51 | 5.43 5.44 
Continental Oil Company............ 6.24 | 6.10 | 5.90} 6.05 | 6.55 | 6.05 | 6.05 | 6.36 | 6.30 | 6.15 | 6.07 | 5.55 6.65 6.15 | 6.07 6.15 
Shell Petroleum Company............ 6.03 | 5.89 | 5.68 | 5.77 | 6.20} 5.83 | 5.71 | 6.11 | 5.96 | 588 | 5.86 | 5.25 6.32 5.87 | 5.76 5.87 
MARS Gar 5.95 | 5.85 | 5.64] 5.77 | 6.12 | 5.84] 5.78 | 6.03 | 5.95] 5.87} 5.821] 5.29 6.22 5.87 | 5.81 5.85 
Standard of California............... 6.15 | 5.86 | 5.81 | 5.94] 6.31} 5.85 | 5.90] 6.27 6.11 | 5.85] 5.78 | 5.36 6.45 5.89 | 5.82*| 5.96 





















































*Fuel from Can No. 1. 
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consistently as the manifold temperature is reduced, 
the deviation at 200° F. being about 60 percent of 
that at 300° F. 


COMPRESSION RATIOS 


The compression ratios at which all anti-knock 
readings were taken are listed in Tables 7 to 11, in- 
clusive. An analysis of these data has been made 
in an attempt to correlate the “relative levels” of 
various laboratories with the average compression 
ratios used, but without success. While the grand 
average of the compression ratios used by each lab- 
oratory varied from 5.24 to 5.96:1, there appeared 
to be no relation between the compression ration 
used by a laboratory and its “relative level” in regard 
to anti-knock data. 

It was interesting to note that the average com- 
pression ratio used by all laboratories for each fuel 
varied consistently with the anti-knock value of the 
fuel, as shown in Figure 6, for three of the manifold 
temperatures. 


CONCLUSIONS 


The following conclusions are based on the assump- 
tion that the effect of temperature on the anti-knock 
values of the gasolines at the time of these tests was 
the same as at the time of the Uniontown tests. 

1. Anti-knock values increase directly with de- 
crease of the manifold temperature. 

2. Manifold temperatures of 300° F. or 260° F. 


would result in equally satisfactory average correla. 
tions with the Uniontown Hill data, intermediate 
temperatures giving better correlations. At about 
280° F. all the fuels with negative deviations would 
exactly cancel the fuels having positive deviations, 

3. Dividing the fuels into groups, representing 
branded commercial fuels and research fuels of 
known composition and somewhat similar character- 
istics to the other, indicates temperatures of 340° F. 
and 237° F., respectively, for similar average corre- 
lation. 

4. The reproducibility of laboratory data increases 
with lowering the manifold temperature. 

5. Individual anti-knock readings may deviate as 
much as two octane numbers from the average of 
all laboratories; although the average of a group 
of fuels, such as the 15 under consideration in this 
report, will be within about one octane unit or better, 


RECOMMENDATIONS 


While the conclusions indicated above seem to sug- 
gest the desirability of reducing the manifold tem- 
perature of the A. S. T. M. Method, the large and 
unexplained differences in correlation between the 
branded and the research groups of fuels throws suf- 
ficient question into the results for us to feel doubt- 
ful of the magnitude of the desired change. Conse- 
quently, we make no recommendation for a change 
in manifold temperature at this time. 


TABLE 11 


Compression Ratio for 


Anti-Knock Ratings 


300° F. Manifold Temperature 




































































a 
Uniontown Code B-5 | B-6 | B-4 | B-3 | B-7 | B-8 | B-2 | B-1 | B-9 | 6 13 | 14 1 1 |Aver-| Grand 
T-Series T-3 | T-4 | T-5 | TT-6| T-7 | TT-8| T-9 | T-10 | T-11 | T-12 | T-13 | T-15 | T-16 | T-17| T-18| age | Averaget 
Gulf Refining Company....... 5.53 | 5.53 | 5.34] 542] 5.78] 5.53| 5.41| 5.64| 561] 5.47| 5.47| 4.96| 5.97| 5.47| 5.471] 5.51 5.67 
Standard of Indiana.......... 5.70 | 5.64 | 5.47| 5.50] 5.88 | 5.56| 5.53 | 5.73| 573 | 5.64| 5.64] 5.10! 6.00| 5.64| 5.64| 5.62 5.78 
Universal Oil Products........ 5.61 | 5.52 | 5.34 | 5.38 | 5.70 | 5.47 | 543] 5.64] 561] 552] 544] 4.96] 5.83] 5.51] 5.48] 5.50 5.65 
Bureau of Standards.......... 5.77 | 5.77 | 5.56 | 5.59 | 5.96 | 5.77 | 5.59 | 584] 5.96] 5.77 | 5.73 | 5.26 | 6.20]! 5.77 | 6.73 | 5.75 5.96 
Ethyl Gasoline Corporation....} 5.52 | 5.45 | 5.32 | 5.38 | 5.55 | 545 | 5.38 | 546 | 5.47 | 545 | 546] 5.02 | 5.73 45 | 546 | 5.44 5.56 
Pure Oil Company............ 5.46 | 5.43 |) 5.23 | 5.31 | 5.74] 5.43 | 5.31 5.50 | 5.53 | 5.50 | 5.48 | 5.00] 5.83 | 5.42] 5.38 | 5.43 5.62 
Sun Oil Company............- 5.50 | 5.41 | 5.26] 5.30] 5.64] 5.36] 530] 5.54] 554] 541] 536] 4.75] 5.72] 5.41) 5.30] 5.38 5.52 
Phillips Petroleum Company...| 5.41 | 5.41 | 5.24/ 5.29 | 563 | 5.39 | 5.24] 5.56 | 563] 546] 544]| 4.92] 5.79] 549] 5.44] 5.42 5.59 
Sinclair Refining Company..... 5.53 | 5.46 | 5.26) 5.35 | 5.57 | 5.39 | 5.33 | 5.55 | 5.55 | 547} 540] 493] 5.75 | 5.47] 5.41 | 5.43 5.64 
Waukesha Motor Company....| 5.71 5.63 | 5.38 | 5.41 5.81 5.52 | 5.46 | 5.77 | 5.74] 5.63 | 5.53 | 5.11 5.96 | 5.65 | 5.53 | 5.59 5.93 
Atlantic Refining Company....} 5.50 | 5.43 | 5.23 | 545) 5.60) 545] 5.30] 3.60 | 5.50) 5.50] 5.30 | 4.90] 5.80] 5.50] 5.30! 5.42 5.69 
Doherty Research Company...| 5.50 | 5.41 | 5.30 | 540] 5.71 | 556/| 542 | 5.58 | 558] 5.43 | 5.36] 4.78] 5.70| 5.40] 5.37] 5.43 5.65 
General Motors Corporation...| 5.46 | 5.46 | 5.22 | 5.30] 5.71 5.36 | 5.30 | 5.51 5.51 5.46 | 5.46} 4.93 | 5.80 | 546] 5.43] 5.42 5.63 
Standard Oil Development.....| 5.49 | 5.41 | 5.26 5.38 | 5.63 | 548] 5.37) 5.57 | 5.57 | 5.50 | 5.50] 4.97 | 5.76 | 5.46] 5.41] 5.45 5.62 
The Texas Company.......... 5.26 | 5.13 | 5.00] 5.17 | 5.38 | 5.17 | 5.13 | 5.26] 5.26] 5.13 | 5.13 | 4.75 | 5.38 | 5.26] 5.13 | 5.17 5.38 
Socony-Vacuum Oil Company..|} 5.50 | 5.43 | 5.27 | 5.37 | 5.66 | 540| 5.37 | 566 | 550] 546] 537] 496] 5.74] 544] 5.43] 5.44 5.47 
Tide Water Oil Company...... 5.16 | 5.05 | 4.89 | 5.00} 5.28 | 5.03 | 5.01 | 5.15] 5.23 | 5.08] 5.05 | 462] 5.38 | 5.04] 5.07 | 5.07 5.24 
Continental Oil Company..... 5.70 | 5.55 | 5.38 | 548 | 5.85] 5.55 | 5.46] 5.76 | 5.85 | 5.66] 5.55] 5.06 | 6.05 | 5.66] 5.55] 5.60 5.83 
Shell Petroleum Company..... 5.46 | 5.36 | 5.19 | 5.37 | 566] 544] 5.33 | 5.52 | 5.62] 5.41 5.36 | 4.87 | 5.76 | 5.45] 5.34] 5.41 5.63 
RET 3. big che cance svcee.s 5.51 5.45 | 5.27 | 5.36 | 5.67 | 5.44] 5.35] 5.57 5.58 | 5.47 | 542 | 494] 5.80] 5.47) 5.41 5.45 5.63 
Standard of California......... 5.52 | 5.47 | 5.28 | 5.43 | 5.72) 546] 5.44| 5.58 | 5.69] 5.56 | 5.52] 4.96] 5.94] 5.62] 5.46*) 5.51 5.72 
*Fuel from Can No. 1. fAll temperatures. 
TABLE 4 
Anti-Knock Rating in Terms of Per Cent C-8 in A-3 
At 275° F. Mixture Temperature 
Uniontown Code B-5 | B-6 | B-4 | B-3 | B-7 | B-8 | B-2 | B-1 B-9 6 13 14 3 16 1 
T-Series T-3 | T-4 | T-5 | TT-6| T-7 | TT-8| T-9 | T-10 | T-11 | T-12 |.T-13 | T-15 | T-16 | T-17 | T-18 | Average 
Gulf Refining Company.............. 84.1 | 78.1 | 64.2) 70.7 | 946) 75.0] 71.3 | 883] 86.0] 77.5 | 74.4] 23.4 | 104.0*] 80.4| 74.4 76.4 
Standard of Indiana................. 83.2 | 76.3 | 60.7 | 69.0 | 94.5/| 71.0 | 68.4] 88.0 | 84.7 | 768] 75.0 | 21.5] 100.0 78.6 | 75.8 74.8 
Universal Oil Products............... 85.0 | 79.0 | 62.0 | 70.0 | 95.0 |} 72.0 | 72.0} 87.0 | 85.0] 77.0 | 74.0 | 22.0] 101.0* | 79.0! 74.0 75.5 
Bement Of Stamdaras.............00. 76.9 | 75.1 | 59.3 | 67.6 | 89.6 | 74.5 | 66.1 | 79.8 | 86.3 | 75.9 | 72.4 | 22.5 97.9 78.2 | 74.0 73.1 
Ethyl Gasoline Corporation.......... 83.0 | 72.0 | 59.0 | 67.0 | 92.0] 69.0 | 67.0] 83.0 | 83.0} 73.0 | 72.0] 21.0 98.0 74.0 | 73.0 72.4 
EE ROT coe oe cence senses 79.5 | 74.3 | 60.4 | 63.7 | 92.1 73.5 | 66.2 | 80.2 | 83.4] 76.3 | 73.0 | 21.0] 100.5* | 75.8 | 67.5 72.5 
I Sg ca sscteccccanes 82.5 | 75.2 | 60.5 | 65.3 | 93.2 | 71.2 | 65.3} 84.1 | 82.5] 76.7 | 73.6 | 20.5] 100.5* | 77.0] 67.3 73.0 
Phillips Petroleum Company......... 79.5 | 74.0 | 60.0} 66.5 | 89.5} 70.0 | 67.0 | 82.0} 84.0 | 76.0/| 73.0 | 23.0 97.5 76.5 | 72.5 72.8 
Sinclair Refining Company........... 77.7 | 75.0 | 60.5 | 64.0 | 90.0 | 70.5} 65.3 | 81.0] 81.7 | 73.6 | 71.8] 24.3 95.5 76.0 | 68.3 71.7 
Waukesha Motor Company.......... 77.9 | 71.7 | 58.0 | 64.6 | 90.0 | 70.0 | 65.0} 82.7 | 83.5 | 72.4] 69.6 | 21.4 95.4 73.6 | 70.0 71.1 
Atlantic Refining Company........... 79.0 | 72.0 | 60.0} 70.0 | 90.0} 72.0 | 66.0} 80.0} 81.0 | 75.0} 72.0 | 20.0 98.0 77.0 | 66.0 71.8 
herty Research Company.......... 76.5 | 68.5 | 57.0 | 63.5 | 87.0 | 72.0 | 64.5] 82.0} 79.5 | 71.5] 70.5 | 20.0 98.0 73.5 | 68.0 70.2 
meral Motors Corporation.......... 77.8 | 77.1 | 56.5 | 63.8 | 90.0} 72.2 | 65.1 | 80.5 | 81.8] 75.5 | 72.0 | 20.7 96.1 75.0 | 72.5 71.8 
Standard Oil Development........... 79.0 | 69.0 | 57.0 | 66.0 | 87.0 | 71.0 | 67.0} 83.0) 82.0 | 75.0 | 71.0 |. 20.0 97.0 74.0 | 72.0 71.3 
The Texas Company................ 78.1 | 72.0 | 57.1 | 645] 88.8] 72.1 | 65.3] 82.5] 81.9 | 74.5] 71.9] 22.0 99.2 73.2 | 72.0 71.7 
a thay Corporation......... 79.0 | 71.0 | 58.0 | 66.0 | 88.0 | 69.0 | 65.0} 80.0 | 81.0 | 75.0 | 70.0] 19.0 94.0 74.0 | 71.0 70.7 
Tide Water Oil Company............ 76.5 | 68.5 | 54.0 | 64.5] 85.5] 68. 64.0 | 80.5 | 83.0 | 72.0 | 67.5 | 23.0 95.5 70.0 | 70.5 69.5 
Continental Oil Company............ 77.5 | 71.0 | 56.5 | 64.0 | 87.0} 71. 65.5 | 80.0 | 83.0 | 73.0 | 68.0} 20.5 95.5 74.5 | 70.0 70.5 
Shell Petroleum Company............ 72.5 | 68.0 | 55.5 | 65.5 | 85.5] 71 63.0 | 78.5 | 81.5 | 72.0! 68.0 | 22.0 93.5 73.0 | 65.0 69.0 
I Eas BAD ean chs cms 040 00.8.9.00 79.3 | 73.0 | 59.8 | 66.1 | 90.0} 71. 66.3 | 82.2 | 82.9 | 74.7 | 71.6] 21.5 97.8 75.4 | 70.7 72.1 





















































*Extrapolated values. 
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Polymer Gasoline 


V. N. IPATIEFF 
and 


GUSTAV EGLOFF 


COMMERCIAL polymerization unit recently 

put into operation is processing 3,000,000 cubic 
feet a day of cracked gas, and producing about five 
gallons of polymer gasoline per 1000 cubic feet. This 
gasoline has an octane rating of 80-82 “motor meth- 
od,” and its blending value is higher than that of 
benzene or isooctane. 

The process is that developed by Universal Oil 
Products Company, and reported at the recent New 
York meeting of the American Chemical Society. 

The unit is operating under mild conditions of 
temperature and pressure, using a solid catalyst. The 
stabilizer gas being processed contains about 29 per- 
cent of propylene and butylenes. 


Cracked gases are made up of paraffin hydrocar- 


bons, and also members of the olefinic series—includ- 
ing ethylene, propylene, and butylenes. These olefins 
react at relatively low temperatures and pressures in 
the presence of the solid catalyst to produce poly- 
mer gasoline. 

The following data were obtained from the oper- 
ation of two pilot polymerization plants of 400- and 
85,000-cubic foot daily capacity. 


POLYMERIZATION OF STABILIZER GAS 
OBTAINED FROM REFORMING MID-CONTINENT 
STRAIGHT-RUN GASOLINE 


A continuous 22-day run was made in a semi-com- 
mercial polymerizing plant. The operating conditions 
were about 3500 cubic feet of gas per hour, tempera- 
ture 475° F., and 160 pounds gage, pressure. The gas 
being processed was passed through a heating coil 
under the stabilizer pressure of 160 pounds, and deliv- 
ered into the three insulated catalyst chambers con- 
nected in series flow. 

In the first part of the run the hydrogen sulfide 
(0.8 percent by volume) was not removed from the 
stabilizer gas, and part of it appeared in the polymer 
gasoline as sulfur compounds, mostly mercaptans, due 
to the interaction of hydrogen sulfide with the olefins 
present in the gas. In the second part of the run the 
hydrogen sulfide was removed from the stabilizer gas 


TABLE 1 
Analyses of Inlet and Outlet Gases 














Outlet | Outlet Gas 
Inlet Gas as X 0.747 

GAS (Percent) | (Percent) | (Percent) 
Non-condensibles. ...........+--+--ee 5.5 2.4 1.8 
UCN as sb Lats + St le wpe tib b suse 08 2.9 5.0 3.7 
Ee eae Tere 13.4 33.9 25.2 
DV OMES. Aig cise aeeewess eso be bewet 15.3 4.9 3.7 
IN I oe oie eS a arn a pa eae 39.4 37.6 28.2 
BEVIN iss Ck cat as ee eae 3.8 0.3 0.2 
St YAN is css 0 «slap» siete cacma 5.9 1.4 1.1 
EE EO OT RE A I eel TINS = 12.9 14.5 10.8 
Pentanes and higher...............-00% 0.9 0.0 0.0 
tale eho Sia des bh arated eee 100.0 100.0 74.7 
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from Cracked Gases 


before polymerization by scrubbing with 23° Beaume 
caustic soda solution. 

The sulfur present in the polymer gasoline is a 
function of the hydrogen sulfide content of the gas 
being processed. With caustic-scrubbed gas, the sul- 
fur content of the liquid polymer approaches zero. 
In the present run the polymer gasoline produced 
from the unscrubbed gas contained 0.63 percent of 
sulfur (76 percent of which was mercaptans) ; where- 
as the gasoline from the scrubbed gas was doctor- 
sweet, and contained only 0.02 percent of sulfur. 

The compositions of the inlet gas to the process 
and of the outgoing gas are presented in Table 1, the 
values being obtained by low temperature Podbiel- 
niak distillation. Hydrogen sulfide was removed from 
the gas before distillation. Columns 1 and 2 list the 
actual analytical figures of the inlet and outlet gases, 
whereas column 3 has been corrected for the shrink- 
age of the gas due to polymerization. Columns 1 and 
3, therefore, represent the relative volumes of the 
various components of the ingoing and outgoing 
gases; i. e., for every 100 cubic feet of inlet gas there 
were 74.7 cubic feet of outlet gas. The routine ana- 
lytical method used in plant control consisted in 
the absorption of propylene and butylenes by means 
of 87 percent sulfuric acid. 


POLYMERIZATION OF STABILIZER GAS 
CONTAINING HYDROGEN SULFIDE 


Run data obtained with unscrubbed stabilizer gas 
(containing 0.8 percent of hydrogen sulfide) are pre- 
sented in the left column of Table 2, which shows 
the operating conditions, the olefin content of the gas, 
the extent of olefin polymerization, and the yield of 
liquid polymer. 

Distillation and other characteristics of the crude 
liquid polymer as produced are presented in the left 
column of Table 3. 


POLYMERIZATION OF STABILIZER GAS FREE 
FROM HYDROGEN SULFIDE 


The stabilizer gas containing 0.8 percent of hydro- 
gen sulfide was passed from the stabilizer of the re- 
forming unit through a 23 Beaume caustic soda solu- 
tion at 150° F. This treatment reduced the hydrogen 
sulfide to less than 0.01 percent., Data from this part 
of the 22-day run are shown in the right column of 
Table 2. 

Distillation and other characteristics of the crude 
liquid polymer as produced are presented in the right 
column of Table 3. 


POLYMERIZATION OF GAS OBTAINED FROM 
“VAPOR-PHASE” CRACKING OF MEXICAN 
GAS OIL 


In the vapor-phase cracking of Mexican gas oil, 
gases containing various percentages of olefins are 
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TABLE 2 


Polymerization of Stabilizer Gas 



















































































Unscrubbed | Scrubbed 
Gas Gas 
Operating Conditions: 
ee Te ns. he wes cle, é0 shun 444 93 
Gage pressure, Ib. per sq. in................. 160 160 
SOG SEL, SE ee 475 475 
Inlet-gas rate, cu. ft. per hour............... 3,430 3,520 
Outlet-gas rate, cu. ft. per hour.............. 2,566 2,617 
Higher Olefin Content of Inlet Gas: 
opylene and butylenes, percent............ 26.2 24.4 
Higher Olefin Content of Outlet Gas: 
Propylene and butylenes, percent............ 8.3 9.7 
Olefin Polymerization: 
Propylene and butylenes, percent............ 76 71 
Liquid Polymer Production: 
I EN Oo hk a cc tine ae 0 oui o's 4.7 3.6 
TABLE 3 
Crude Liquid Polymer 
Unscrubbed Scrubbed 
Gas Gas 
NS ES ot SEPEE OC ETERS TEE ee 69.5 67.2 
Gum, mg. per 100 cc. (copper dish)............ 23 51 
Gum, mg. per 100 ce. (air jet)................. 16 10 
ES EEO EES Fr 0.63 0.02 
Percent sulfur, mercaptan.................... 0.48 0.0 
Octane No. (C.F.R. motor method)............ 82 82 
i I MEM nc ca sls va se sisesecescess 90 45 
Reid vapor pressure at 100° F., Ib.............. 12.8 10.6 
(Deg. F.) (Deg. F.) 
ASTM Distillation: 
nn ae an cisidie 0.0.6 89 94 
seks ese bctecessecesaee 140 158 
ee ee eee 169 186 
So does bp a, uo 0.0 0,8,0 5 oo 98 0.0 192 199 
EEA SS ee ae 204 207 
i Sn Tw ne ah pc a bigs 214 215 
RISE a ERY 227 224 
Rs hes, Biviais bx eee bleid's sind bb 0 245 241 
as tease es act bees 289 277 
od. ssc ileis becch v's fi due Kee 355 333 
i atk so sd a5 3 & 000s ond 54 415 415 
SS LIOT IS IE TEES OE 95 95 
Ses oe bak eo es ais 00 ease 1 1 
EE en god kn os sn ate Oe gee © wale 4 4 
TABLE 4 
Analyses of Inlet and Outlet Gases 
(3) 
(1) (2) Outlet Gas 
Inlet Gas | Outlet Gas 0.787 
GAS (Percent) (Percent) (Percent) 
Non-condensibles................. 19.8 6.4 20.8 
ESS ieee eee ee 14.9 17.5 13.8 
ee a ds w chee 19.8 26.5 20. 
EC CRI Ga kiticg 4's ave 6's 0k v.67 19.4 7.2 5.7 
Di. ye Moc w eee s 18.2 19.4 15.2 
eas in v.65 3 5.5.00 04:0 1.8 0.0 0.0 
REE EES a rar nae 3.8 0.0 0.0 
ESS ES i 1.5 3.0 2.4 
Pentanes and higher............... 0.8 0.0 0.0 
FY 52 et ee eee ee 100.0 100.0 78.7 
TABLE 5 
Run Data 
TEST NO. (1) (2) 
Operating Conditions: 
— on test. REE samp tie wee pieash ees eeda cesses a. ane 
i RG WROMRE, . Deis ced ce bescceesuiee 
ry cing a yee 6 ebaneencebévennds 450 500 
Inlet-gas rate, cu. ft. per hour per Ib.................. 3.9 5.6 
Higher Olefin Content of Inlet Gas: 
pylene and butylenes, percent.................4.. 26.3 27.2 
Higher Olefin Content of Outlet Gas: 
opylene and butylenes, percent.................... 7.5 4.2 
Olefin Polymerization: 
Propylene and butylenes, percent.................... 77 88 
Liquid Polymer Production: 
Gallons ha se Lig bas 20h’ te eebe ot 3.7 3.8 
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produced. A blend of the absorption tower and the 
stabilizer tower gases was made in the proportion 
in which they were produced in a commercial crack. 
ing unit making 6,500,000 cubic feet of gas per day, 
five volumes of absorption gas to one of stabilizer 
gas. 


The mixed gas was polymerized at 175 pounds, 
gage, pressure; temperatures of 450 and 500° F., and 
at feed rates of 3.9 cubic feet and 5.6 cubic feet per 
hour per pound of catalyst. 


Analyses of the mlet and outlet gases are listed in 
Table 4. Columns 1 and 2 give the actual gas ana- 
lytical figures, whereas the values in column 3 have 
been corrected for the change in gas volume due to 
polymerization ; i. e., for 100 cubic feet of inlet gas 
there were 78.7 cubic feet of outlet gas. 


Table 5 presents run data showing the operating 
conditions, the olefin content of the gas before and 
after polymerization, and the yield of liquid polymer. 

Table 6 presents distillation and other character- 
istics of the crude liquid polymer as produced. 


POLYMERIZATION OF STABILIZER GAS 
OBTAINED FROM “LIQUID-VAPOR-PHASE” 
CRACKING OF MID-CONTINENT GAS OIL 


The stabilizer gas was processed at 100 pounds 
and 155 pounds gage pressure, and at 450° F. with 
varying time factors. The contact times were varied 
from 24 to 173 seconds. The propylene-butylene con- 
tent of the gas averaged 35 percent. The liquid po- 
lymer production per 1000 cubic feet ranged from 
5.6 to 8.4 gallons. 


Table 7 presents average gas analytical data for 
the inlet and outlet gases. Columns 1 and 2 list the 
actual gas analysis figures, whereas the values in 
column 3 have been corrected for the change in 
gas volume due to polymerization. 

The processing of the stabilizer gas was continued 
for eight days, during which time four different sets 
of operating conditions were tested in order to deter- 
mine the effect of contact time on the quality of the 
liquid polymer. The results are shown in Tables 8 
and 9. 


Table 9 presents distillation and other characteris- 
tics of the crude liquid polymer as produced during 
the four tests. 


The boiling range of the polymer product does not 
affect the octane rating to any extent. 


Table 10 presents data from the above runs which 
show the effect of contact time upon the extent of 
polymerization, and upon the yield and boiling range 
of the liquid polymer. : 

\ 

POLYMERIZATION OF PROPANE-PROPYLENE 


AND BUTANE-BUTYLENE FRACTIONS 


In some refineries the stabilizer for producing gaso- 
line of desired vapor pressure is operated so as to 
yield a propane-propylene and a _ butane-butylene 
fraction, or mixtures thereof. These separate frac- 
tions and a mixed fraction were studied with the 
view of producing liquid polymer and substantially 
olefin-free gas, i. e., propane, butane, or a mixture 
of propane and butane. 

The gases were processed at 450° F. and at 100 
pounds pressure, at gas rates of 0.05 to 0.25 cubic feet 
per hour per pound of catalyst. Under these operat- 
ing conditions, 92 to 99 percent of the olefin content 
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TABLE 6 
Crude Liquid Polymer 

















































































































of the gas was reinoved in the form of liquid polymer. 
Analyses of the inlet and outlet gases are given 


























in Table 11. Columns 1 and 2 show the actual gas- 
TEST NO. (1) (2) analysis figures, whereas the values in column 3 have 

BEI gravity Ht OO" B... 020. +ecenenenesrnee rst rsb at 50.7 60.3 been corrected for the change in gas volume due to 
BG SCE a SGCbs So choc SF ese ERT eat R DRE S vee OED 4 ; . . 

Setane No. (CER. motor method)...+..+..02.+..00, 30 30 polymerization. 

Se Wide Mined ob ee Oka en cases wae . . . . 
a ee Run data are presented in Table 12—showing the 
operating conditions, the olefine content of the gases 
(Deg. F.)| (Deg. F.) before and after polymerization, the extent of oiefin 

ASTM Distillation: polymerization, and the polymer yields. Each gas 

RMON indi. ks. c cba cock cs eeacdencteses 135 121 was processed at two feed rates. 

10 I dS ATG bso -o-0 6.00, $4 21a o-0 & 6 SRRE ES Peery" ° ee 

bene a ey 216 204 Distillation and other characteristics of the crude 

Soeeue oe a 298 liquid polymer are presented in Table 13. 

NS 2 ooo 3D kas'0:0.4 6.4.0 cM ERADS che das walipe 256 239 

OS ERS VETS Se Pe Penge pigs we 274 259 

SS ere ey be Pe arene Se Fer 299 286 PROPERTIES OF POLYMER GASOLINE 

SO NM Sg 6 5 nid RHEE + 5 RacaSmee arn eld hiere ele 328 318 

SE ED INN 055.5005 eres Reese wreedaonwer nes 390 370 

INTE Bec nc Bik <a55k ss Selcea gies gered 487 476 The outstanding characteristic of polymer gasoline 
ia MOM ds 6c kpliicn's <5 0x5 Biv code sete Ghire 96.5 | 97.0 is its high octane number and blending value. The 

Percent foes nS) 23 | x3 distillation range can vary considerably without af- 

fecting its anti-knock qualities, as shown in Table 14. 
Polymer gasoline has higher blending value (Table 
TABLE 7 15) than either benzene or isooctane, although its 
Analyses of Inlet and Outlet Gases straight octane value is lower—81 versus 97 and 100, 
P respectively. Its blending value becomes higher the 
oT Outlet Gas lower the octane number of the base fuel with which 
Inlet Gas utlet Gas x it j 
GAS (Percent) (Percent) (Percent) it is blended. : : 
Tables 16 and 17 list the octane numbers of vari- 

Non-condensibles. ................ 0.0 0.0 0.0 

| CE EET ESE 0.7 ba 0.7 ous blends of steam-distilled polymer gasoline (end 

ee es 184 35 33 point, 390° F.) with straight-run and with reformed 

ES Add IG -b Gis. 0 el o-4. 6.6 5 aed ew baer 46.3 : . 

SS SR ret ree ere 4.4 0.2 0.1 gasoline. mere : rain 

i ne cha Seen 5 .3 i Table 18 shows the distillation characteristics of 

Pentanes and higher.............-. 0.7 1.2 0.8 the three gasolines—polymer, straight run, and re- 

OS errr ereery 0.2 0.0 0.0 - h a 

2 oe a formed—used in these blends. 

Slat hn e's kalea sai eienae hak 100. 4 m “ ve 
“i Figures 1 and 2 present graphically the blending 
characteristics of polymer gasoline at different con- 
centrations in a number of base fuels. The family 
TABLE 8 of curves in Figure 1 makes it possible to predict 
Run Data approximately the octane number that can be ex- 
pected from blending polymer gasoline with differ- 

Re aE NS ry (1) (27 | 3) | exit motor fuels. 

Operating Conditions: oF ; i ; * 
RUUED OF COE... 0.000005 Ae Rimiaeleww 60 ace 48 48 48 42 5 The boiling range of the liquid polymer IS a func 
Gage pressure, Ibs. per sq. in............. 100 155 155 155 tion of the operating conditions. By proper choice 
SNNRRE TEINS 0 0:0 0.01504 6'6 4-0/6 Boies a 450 450 450 450 h ‘ d tefl h 
Inlet-gas rate, cu. ft. per hour per Ib. of ‘3 i. ve oe of the time, temperature, and pressure variables, the 

OO Sr ee on arn ae , y 3 4 NX. : - : : 

Higher Olefin Content of Inlet Gas: distillation range of the liquid polymer can be varied 
Propylene and butylenes, | ere 37.5 34.6 34.3 36.0 at will. The sulfur content of the polymer gasoline 

Higher Olefin Content of Outlet Gas: 

ojetonylene and butylenes, percent......... 03 | 40 | 62 | 104 can also be controlled. In case a sulfur-free crude 
e merization 4 . . ¢ 

1 Fropylene and butplenes, seit, sg: 99 92 87 79 polymer is desired, the gas pene poe is freed 
iquid Polymer Production: ; j ; ; 
Gallons per 1,000 cu. ft...........0.00005 s4 | 74 | 66 | 56 from hydrogen sulfide before polymerization. This 

is readily accomplished by a caustic-soda wash. 
Crude polymer gasoline has low oxygen bomb sta- 
bility, but high susceptibility to inhibitor. One hun- 
TABLE oh dredth of one per cent (0.01 percent) of wood dis- 
Conde Tiga Futyener tillate inhibitor is usually sufficient to produce a 

asoline of satisfactory stability. 
he. ee Cee ee a | @ | @® | @ 8 : ee . 
oe Table 19 lists the gum, oxygen bomb stability, anti- 
io . . . 

Silfur persent oe TE) oad | 033 | 092 | Oar - knock and other characteristics of four typical crude 

Octane No. (C.F.R. motor method)...-..... ifs | 22 | 82 | 8h 
Reid vapor pressure at 1 eR eee J J J a 

TABLE 10 
(°F. | °F.) | °F.) | (¢ F.) 

ASTM Distillation: Effect of Contact Time on — po ph merization and 
Initial boiling point................+.0e: 95 89 84 104 Yield and Boiling nge o ymer 
BP DOTCEME PONE. 605 Se ieee ees 158 164 148 166 
20 percent ee ee rere 188 194 182 189 
30 percent point.............sscceeeeees 210 | 209 | 196 | 199 WG Wes 5 i v5 ns Su mead dinve ti a) | @ | @ | @ 
eer ere err 235 221 211 206 
50 percent DOME. oo. cca ceseeesengeses 258 234 222 214 Combnct tiie MS eis ess 173 65 42 24 

Percent point.......... cesses sesscces 292 254 238 225 Inlet-gas rate, cu. ft. per hour per Ib. of cata- 
SCV MN 00) tak coarse nc ean 327 290 262 244 Es nas d'ghs gf bk PLA LD ERR RR SR ON 1.1 4.4 6.7 11.4 

Percent POiNt....... 0. sssceeeserceces 372 328 310 293 Polymerization of propylene and butylenes, 
“a ee ee ener tes 460 420 372 a RRP a iret FEY 99 92 87 79 

RP so ee eerie ween weet: 531 439 413 411 Gallons of liquid polymer per 1,000 cu. ft. of 
EE DETCRME COURTS 5. ook s ccc dedendeeen 94.0 91.5 92.0 > ea SR Oe repre os ee are st 8.4 7.4 6.6 5.6 
eet SN os oars wae ug arin: 9 acho pedean 1.5 1.5 2.0 2.0 90 p percent point, ° Diu ix ctiv debe eee 460 420 372 352 
MG MUNG 70h ce eae 4 FR ab ee hoe Coe 4.5 7.0 6.0 4.5 WORM ORO Bono 28 SS Aa RSs ob Aae 531 439 413 411 
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polymer gasolines as produced in a semi-commercial controlled volume of air which burns off the highly 























































































































plant from stabilizer gas. polymerized or carbonaceous material that deposits 
REACTIVATION OF THE CATALYST upon the catalyst. This reactivation step has been 
The solid catalyst gradually loses its activity with carried out a number of times, each time bringing i 
continued use, but it is readily regenerated with a_ the catalyst back to its original activity. The 22-day p 
0 
TABLE 11 
Analyses of Inlet and Outlet Gases g 
Propane-Propyl 3 
Propane-Propylene Butane-Butylene Sutanetbetene 
Fraction Fraction Fraction P 
(1) (2) (3) (1) (2) (3) (1) (2) (3) 0 
Outlet Outlet Outlet 
Inlet Outlet Gas Inlet Outlet Gas Inlet Outlet Gas 
Gas Gas X 0.828 Gas Gas X 0.604 Gas Gas X 0.620 
GAS (Percent) | (Percent) | (Percent) | (Percent) | (Percent) | (Percent) | (Percent) | (Percent) | (Percent) oe 
IDS Sin'e'd a 0 55s 80 o's bbb ce veses ves ews wees 0.8 0.8 0.7 2.2 6.1 3.7 6.7 6.0 3.7 
NE AEA is walla mie, b0n's0\0' 46.0 bcd o.0.ce os cee 28.9 0.0 0.0 4.4 2.0 1.2 10.0 2.2 1.4 = 
Es cl elacceactepeecvccesys 70.3 93.8 77.6 9.1 27.8 16.8 29.4 47.2 29.3 
RS Ue eed Su bdenddderecbes tess 0.0 0.0 0.0 33.6 0.5 0.3 28.0 2.3 1.4 Pe 
nag cn cawace use on 0.0 0.0 0.0 50.7 60.2 36.3 25.9 42.3 26.2 - 
PIE, lic iuscckcavcivessvoecccses 0.0 5.4 4.5 0.0 3.4 2.1 0.0 0.0 0.0 O 
€ 
TABLE 12 
Propane-Propylen 
Propane-Propylene Butane-Butylene Butane-Butylene 
Fraction Fraction Fraction 
Ne ee el ies cewek babe Cubs binceccocens (1) (2) (3) (4) (5) (6) 
ting Conditions: 
ee se uiease i as 6 blededa db idoeis bbe ccceee beer 20 20 20 12 17 22 
ss ke dc aee se meses scat dnesdigeessesseces iene 100 100 100 100 100 100 
ee a ei Sok g eg sitio chbadbs hocscccesctesese 450 450 450 450 450 450 
Denn enee. on. 66. Ser hour per ib. of Catalyst... ...... 2.2 ccc cc ccscccccccccccecess 0.12 0.05 0.19 0.10 0.25 0.10 
Olefin Content of Inlet Gas: 
Propylene and but ae eh gous eka dde RanbA Rs Os Se CCe SSS Se 26.6 29.3 35.0 41.0 39.6 43.6 
Olefin Content of Outlet Gas: 
nt Ng Lan a a Eds kha p Bi elawib nmncie Rslh's ete eee tees s 2.6 0.4 4.6 0.4 3.4 1.4 
Olefin tion: 
wed oen I, FasL. vg Lido bikie <p ksalel weidio’s 6 diaie'G e014 sip 80.5.0 6-0:9.0:0.618 92 99 92 99 95 98 = 
Liquid Polymer Production: ; 
ee aed S AVe adie 6 Goines ba p Une bole obs dweterssseGeescccccedion’ 3.8 3.0 8.4 7.2 7.5 7.5 it 
tra 
Octi 
TABLE 13 
Crude Liquid Polymer 
Propane-Propylene 
Propane-Propylene Butane-Butylene Butane-Butylene 
Fraction Fraction Fraction 
I a et ea LS ise ote cap eppabide sddasieesecducce (1) (2) (3) (4) (5) (6) oe 
TE sn, cece bcc bcs sc ccnsesvwecccccc cesses scecccccsecseceesscsaies 57.9 59.3 60.5 60.3 62.5 60.2 
RUE EEA LE 1 6 es) a i'n os vib wld ¥ hb Snsio cies ss sped snes ecccccceses 0.37 aée 0.02 as 0.02 0.03 pay 
a Cnc dn dgeh wane cbecsadsocdjeuceteeccacsedcecten sia as 15.6 Gos se 16.3 Octa: 
ASTM Distillation: (Deg. F.) | (Deg. F.) | (Deg. F.) | (Deg. F.) | (Deg. F.) | (Des. F.) Sache 
Initial boiling point. ............. cece cece eee eee eee eee eee enna e eee e ee ee eens 110 104 80 90 84 100 
10 percent point 180 148 136 128 116 154 
20 percent point 204 172 186 164 156 196 
30 percent point 224 194 228 202 198 230 
40 percent point 246 216 256 232 230 258 
50 percent point 270 250 290 262 258 286 
60 percent point 302 286 330 304 294 326 
70 percent point 338 330 372 358 350 374 
80 percent point 384 374 422 404 420 428 
90 percent point 460 431 574 538 570 612 
TCC SSG cc b bods dows ss subs scale cd vice cesce se escetessedeccceseseessese 570 516 574 586 602 612 
TABLE 14 
Anti-knock Characteristics of Polymer Gasoline 
SN EEE EET CTE OEP TC TETETTT TEST TET TT Te Te TLL eee Eee ESE SEE eee 62.7 59.9 66.4 67.8 66.6 
ASTM Distillation: (Deg. F.) | (Deg. F.) |, (Deg. F.) | (Deg. F.) | (Deg. F.) 
Initial boiling point.............-..+-+++++ ile Sia oMNOME 2 hele sea waind Fo 5 NOMGR Soles LESS © bei 95 94 89 84 104 
iii ick cdsccqasiecasabrecssescesa soups ssecgvanmsberensens ee og 158 145 164 148 166 
SO POTOOME DOIME.. 5... c cece scence eee eee erence eee emeenceetensoesceteteeeeseeneseee 188 181 194 182 189 
5O percent point... ........ 2.2 ccc eeee eee e ene eee entree ee eee es eeeeeee nee e nee eseeeeenneneeees 258 268 234 222 214 
90 peony CeCe ac hiathsbh bb desley up icieic vincent Ba onset. adie os eeeines nie cen sesaces 460 484 420 372 352 
Se ila Da buns s since Ghacesecssccccces cen cece sre eee see etesegessecece cece ses eesesccns 531 510 439 413 411 
Octane No C.F.R. motor method)... .... 2... ss cece sees eee net teste cette neta e eee ence eens 81 81 80 82 81 
Octane blending value (25 percent in fuel ‘‘A-3’’ of 44 octane No.; C.F.R. motor method)............ 118 118 116 120 116 
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TABLE 15 


Octane Blending Value of Polymer Gasoline 
(A) POLYMER GASOLINE BLENDS 








































































































Percent of Polymer Gasoline in Blend: (5) (10) (15) (20) (25) 
Octane Blending Value: 
i Se RN SE NS ick ws a wks sino sie Lk Qa Ob ows 6 nw he bak RLS ba ie © 1 SS 4 ee 125 125 121 120 117 
ek, ep ONS SI Sao is 620 aren 0 UG hie eraie 05:8. gS e Se Pen Re NS Le CRE ea ee Se eee 125 120 115 113 111 
et Cee OND DOU IE Us 5S Sip dioica oalsie td siete aks a Ge be kad Sie ae Pe EE EE BES ee homie 105 105 105 105 103 
(B) BENZENE BLENDS 
Percent of Benzene in Blend: (5) (10) (15) (20) (25) 
Octane Blending Value: 
i I 5s 5 save while bas ale cas sich ed's AVE VE LAE RS ERES CA babs eR ead Cee 84 85 84 84 86 
ek , , SS SR ase Aa ay eerie Margy epee ran manent ae, hy bey ey Ae oh 84 85 88 90 89 
NNN: MU EROS SSCS... oe sin'in 4.60 he's oc ea Rl ad bs sei ead CRKKAKDEROR UN CARED eee. 84 85 88 90 91 
(C) ISOOCTANE BLENDS 
Percent of Jsooctane in Blend: (5) 10) (15) (20) (25) 
Octane Blending Value: 
nen SR NS S665. ig ca vid oid: b OGM Ea De Grd MRS win Gy DIG bok a EK Oe RD che 94 94 94 96 96 
Sr COs: MOE MURINE iis 4.5.0 9-0.a.ciniassiwb eBay s 0 dws WED 26 Khao Ow RE BD ee 90 91 95 98 99 
i ee GONE: SUG, INE UNE 6c 0 o's: sic canis aoc kage valewebdnag eal Oke teas oe eae 90 90 95 97 97 
(D) STRAIGHT OCTANE NUMBERS 
INR CIN oii oan icnsnince Wia.k ie 0.0 4 OER hn eee 81 
WOM 5 5k Sac oe CLOSERS OOM heigl a LE a ae 97 
ROOTING as 0.5.5 5a j05s 5 oe eile pied so eDic ts. UOC Reels ene 100 
TABLE 16 
Octane Ratings of Blends of Polymer and Straight-run Gasolines 
nee meen teh Wi RONG So ack 0 bcs ba bee kn edd baal e bene as ts pares 100 0 5 10 15 25 
ee ee ate) re yy ee my Ce eran Cah 0 100 95 90 85 75 
meeene: No. os Blend (CP Ra Miater Met hOt hs oes oisiscijs.n ciceciceclincssbesbaestdndoecesaichs 80 44 48 52 56 62 
TABLE 17 
Octane Ratings of Blends of Polymer and Reformed Gasolines 
Polymer gasoline in blend, percent................ AS PEA Gg Fel or YT REE ES SOEs | 100 0 5 10 15 25 
TAGE DRG TAT SAR NE Oe iia cS als so De eagse ee NA PEON ED oa ks bale wR 0 100 95 90 85 75 
Se T5G, Ge Wend (0a. MNOEDE SBOE) «655 sore. o0.0 00's BU Rala ey od slecd s a.0luduleur'vis's Gare 80 72 73 74 75 76 
TABLE 18 


Distillation Characteristics of Gasoline Used in Blending 











GASOLINES 
Straight- 
Polymer run Reformed 
(Deg. F.) | (Deg. F.) | (Deg. F.) 
ASTM Distillation: 

Initial boiling point................ 138 142 122 
ee re 178 174 149 
Spree reer 193 190 163 
pee | Se Pree 208 207 185 
ee Sr Ree 218 220 203 
40 percent point... ................, 228 237 220 
Se ee Sate bo eee 239 249 236 
Se NIE PII Sook o's ae cieeessnaw 251 255 252 
ae NINE DOIN go i Said asides 5 0 272 266 270 
ep NE Nc vd tine wane od 296 283 290 
OO petbens points 32S. asics aks... 327 304 318 
TE I Ba a Ts rate od 390 360 366 
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TABLE 19 
Crude Polymer 

















API gravity at 60 °F... 6... cece cece erect eee e eet e etree ete e ne eeeeeenns ene eneeees . 
Gum, mg. per 100 cc. (copper dish)......... 06+. cece cee cece eee eete eee e eee e eee e eee e teen ene eenees 15 
Gum, mg. per 100 cc. (ASTM)........ 22 cece cece cent een eee n eee t eet eee e ete en ee ereeeenennes + 
Induction period, min..........--+.+s0ee0e0> ete e eect cere teen ee see ones neenseneeeeeereeeeeeneeees 35 
Induction period +0.01 percent wood distillate inhibitor............-. cee eee e cece eee e eee e eee e ees es 
Induction period +0.025 percent wood distillate inhibitor... ..........e cece cece eee e etter eee e eee eees 235 
Induction period +0.05 percent wood distillate inhibitor... .... 0.1.06. e eee e cece eee een e renee 430 
DONONEE UNIEMT, ROEOD. oo... 8c ct cc etc cece cece ccc cme cece nsee cess etenenseneees ee eeeseeeseeeeeees 0.77 
Percent sulfur, mercaptan...........20.c ccc cece eect eee een teen eset eee tenn nee seers ee seeeeeeees 0.54 
Octane No. (C.F.R. motor method). . 1.2.6... cc cece cee eee ee eee eee eee eet e een ee ee eee eeeeeees 80 
Octane blending value (25 percent in fuel “‘A-3'’; octane No. 44; C.F.R. motor method)..............++. 114 
Reid vapor pressure at 100 °F., Ib..... 0.2... cece cece erence nent ete e teen etre eee eee enn aees 9.4 

ASTM Distillation: (Deg. F.) 
Initial boiling point. ... 0.2.0... 6c ccc cece eee c eect ete n eee e eee e eens eee ee eee e sees eneneeeeeneees 115 
B percent point... ...... 6. ccc cece eee eee eee eee e teen ween eee e reese e esse neneeeseeeeeseneces 146 
1D percent POINt.. 26.6 cece cece cece c ete e cer cceenercecnccessenrees PRISE ALT RIE AS ee” 160 
20 percent point... 2.0.2... c cece e eee eee eee eee e eee e een e tener ene eene eens eens eesee eases 184 
BO percent point. . 0.0.2.0... cece cece cece tent ee tence ene e ne ee ee ee een eee see eeeneenaseee 199 
40 percent point. ......... 0. cece cece cece eter e eee e eee e ee eneenee eae esse eeneeneaeeseeaes 209 
BO percent point. ........ 2.6 ccc cece eee cece teen eee e eee e nent eee e saat esses ennenseneseceees 219 
GO percent point... 0... we cette cece cece e een nett eee e semen nese ne ees eneeeeerenes 232 
70 percent point... ....... 60. cece cece cece teen ete e eee e renee eens et eeee eee seeeeeneeeeneaees 254 
MUP NOOME TIONS 65. oo cnc ect c steer ccc nce n secs eerecneereeseeeeeesesenssesenesseeeeees 294 
GO WUTCUNE MOINE. 2... eee cece cece tenn cece nee nereereseeeeseessenssesseeescnns 337 
rs UL calc gps guncspiccucdcccactcusssegcroccsscrcccorcscccasseeseseecemeveuese 409 
MINI GOES, 5 ook coc cose dees cece ce cece eeec ese ates nea cereeseeeceeenereesnnsceseesces 94.5 
ere EN a sive acd eS ec daa eceesedseesseseodesserereeseseneceseene 1.5 
Ne ce ww ee ee ene ee ee cas ebdbdsesecenescrseeecsdcrcsceneoeenes 4.0 





34 38 
11 
60 50 
260 205 
660 510 
1,030 835 
0.02 0.02 
0.002 0.007 
80 81 
116 120 
10.8 10.5 
(Deg. F.) (Deg. F.) 
100 102 
125 148 
143 156 
177 178 
193 196 
203 205 
211 214 
221 222 
236 243 
266 270 
326 336 
418 418 
97.0 97.0 
1.4 1.5 
1.6 1.5 
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% POLYMERIZED GASOLINE IN BLEND 


FIGURE 1 


Blending Value of Polymerized Gasoline When Blended 
with Straight-run Gasolines—Blends of Reference 
Fuels “C-8” and “A-3.” 


run reported in this paper was made with a catalyst 
which had been regenerated in the tower used for 


polymerization. 


SUMMARY 


Experiments are described concerning the polymer- 
ization of five samples of cracked gases in semi-com- 
mercial polymerization units. The operating condi- 
tions of gas rate, temperature, and pressure varied 
from 0.05 to 11.4 cubic feet per hour per pound of 
catalyst, 450 to 500° F., and 100 to 175 pounds per 


254 


square inch gage, pressure. 


percent. 


The outstanding characteristic of polymer gasoline 
is its high octane number and blending value. 
distillation range can vary considerably without 
affecting its anti-knock qualities, and it has higher 
blending value than either benzene or tsooctane— 
although its straight octane number is lower, 81 ver- 


sus 97 and 100, respectively. 


The oxygen bomb stability of polymer gasoline is 
low, but its inhibitor susceptibility is high. 


Grateful acknowledgment is hereby made for the 
assistance of B. B. Corson, E. R. Kanhofer, W. H. 


The yields of liquid 
polymer ranged from 3.0 to 8.4 gallons per 1000 
cubic feet, with olefin polymerizations of 71 to 99 
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% POLYMERIZED GASOLINE IN BLEND 


Blending Value of Polymerized Gasoline When Blended 
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with Straight-run and Cracked Gasolines from 
Various Crude Sources. 
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-\Chemical Constitution 
of the Gasoline Fraction of Petroleum 
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A. P. I. RESEARCH PROJECT 6 


FREDERICK D. ROSSINI 


National Bureau of Standards, 
Washington, D. C. 


BOUT 15 yeears ago the petroleum industry be- 

gan to undergo a profound change, because 
petroleum was beginning to attain a greatly increased 
utility to man. Modern civilization was requiring 
petroleum products for new services and for more 
specilized older ones. For example, almost any gaso- 
line could operate satisfactorily the automobile of 
1920, and many fuels were then evaluated more in 


psychological and aesthetic ways than in terms of . 


utility and performance. But today automobile 
gasoline must be made so that its properties will con- 
form to the requirements of the high speed high com- 
pression motor; and aviation gasoline must possess 
very special qualities to give the needed maximum 
power, reliability, and safety. In order to fill these 
and other new economic needs, the industry began 
to treat the crude oil in special ways to produce 
products of higher quality and a greater variety of 
properties. It was obvious that the petroleum indus- 
try could make better progress in attaining this new 


| objective if it learned something definite about the 


chemical constitution of its raw material. 

In 1928 one of the authorities on petroleum wrote: 
“... the isolation of pure compounds from petro- 
lum is a matter of extraordinary defficulty . .. only 
relatively few pure compounds have been separated 
from it.” At that time the existing knowledge of 
the chemical constitution of petroleum was extremely 
meager; and the little definite information available 
was limited to the low boiling fractions, with the 
knowledge of the lubricating oil fraction being based 
chiefly upon surmise and conjecture. This slow 
progress in determining the chemical constituents of 
petroleum was caused by the lack of interest and 
support, and by the failure to bring to bear upon the 
problem all the possible tools of physical chemistry. 

But in 1927 circumstances had already conspired 
to bring both of these urgent needs to the aid of the 
jarticular problem of investigating in a systematic 
way the hydrocarbon constituents of petroleum. The 
industry, through the American Petroleum Institute, 
povided the necessary interest and financial sup- 
port; and the National Bureau of Standards provided 
the laboratory space, certain supplies and apparatus, 
add the necessary direction of the project in the 
person of the late Edward W. Washburn, one of the 
outstanding physical chemists of the world. 

The work of Research Project 6 and the methods 
‘nd apparatus employed were summarized in 1933 by 
Washburn* in a report to the American Petroleum 
—_ 

A complete list of the publications of Research Project 6 is given 


. the end of this paper. Literature references to any particular method 
* apparatus will be found in the appropriate paper in that list. 
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HE work of the American Petroleum Institute’s 

Fundamental Research Project 6 on the naph- 
tha fraction of the crude petroleum which has 
been under investigation has reached the stage 
where it is possible to analyze critically, and with 
profit, the results obtained to date. The project 
has determined the chemical constitution of the 
major part of that fraction of a Mid-Continent pe- 
troleum normally boiling below 180° C. There 
have been actually identified and isolated 35 hy- 
drocarbons; six other hydrocarbons have been de- 
tected and are in process of separation; and some 
20 others are suspected to be present in significant 
amounts, and are in order for future investigation. 


The resolution of the naphtha fraction into its 
major hydrocarbon constituents has been a work 
in virgin fields, with no precedents to follow. But 
now that the course has been charted and marked, 
the entry into this new territory can he made with 
considerable directness of purpose and assurance 
of return. The means which enable one to reach 
the goal of separating petroleum are the physico- 
chemical fractionating tools of distillation, crystal- 
lization, adsorption, extraction, and carefully-con- 
trolled chemical treatment, together with appropri- 
ate variations and combinations of these. 


The future work of the project with regard to 
the naphtha fraction will be: 1, to complete the 
separation and identification of the as yet unde- 
termined constituents; and 2, to outline a general 
systematic method for separating the naphtha frac- 
tion of any crude petroleum into its major hydro- 
carbon constituents. 

The author is director of A. P. I. Research Proj- 
ect 6, and publication has been approved by the 
director of the National Bureau of Standards, 
United States Department of Commerce. The Au- 
thor acknowledges indebtedness to M. R. Fenske, 
R. T. Leslie and J. D. White for aid in preparing 
this paper. 








Institute at its annual meeting that year. It seems 
appropriate at this point to acknowledge the great 
debt which science and industry owe to E. W. Wash- 
burn for his enthusiastic leadership and guidance of 
the work of the project. The success of that work is 
in large measure due to the nonchalance with which 
the old-established conventions were disregarded and 
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to the readiness with which every new physical 
method of separation was investigated. 


SYSTEM OF FRACTIONATION 


The system of separating petroleum into its con- 
stituents which has resulted from the work of this 
project may be described briefly as the systematic 
interlocking, combination, and variation of all the 
feasible methods of fractionation. The resolution of 
the naphtha fraction into its component hydrocarbons 
has involved working in virgin fields, with no prec- 
edents to follow. But now that the paths are in 
general rather well defined, the entry into this new 
territory can be made with considerable directness of 
purpose and assurance of profit. The means which 
enable one to reach this goal are the physico-chemical 
fractionating tools of distillation crystallization, ad- 
sorption, extraction, and carefully controlled chemical 
treatment, together with appropriate variations and 
combinations of these. 

However, these methods of fractionation are not 
new to the petroleum industry, which has been using 
them in one form or another for many years: distil- 
lation has been the prime method of fractionating 
petroleum ; crystallization has been used to remove 
paraffin-type hydrocarbons from lubricating stock 
in the dewaxing process; adsorption has been used in 
the refining of distillates and residuals by the use of 
clays, fuller’s earth, etc.; and extraction has come 
into great prominence in the industry in the improve- 
ment of the quality of lubricating oils by treatment 
with solvents. 

The contributions of Project 6 to the problem of 
fractionation may be said to be in the field of refine- 
ment, improvement, and variation of the different 
methods of separation, and the systematic interlock- 
ing of them to solve particular problems. For ex- 
ample, the variations in the different general meth- 
ods of fractionation include: 

1. Distillation: a, alteration of pressure (760 to 
0.0001 mm. mercury) ; b, addition of another substance. 

Alteration of the pressure permits fractionation of 
an azeotropic (minimum- or maximum-boiling) mix- 
ture because the conposition of the latter changes 
with pressure. Distillation at reduced pressure is also 
necessary in the case of those substances which tend 
to decompose at their normal boiling points. 

Distillation in the presence of an appropriate added 
substance, such as alcohol or acetic acid, permits 
fractionation of a constant-boiling mixture; because 
the added substance forms an azeotropic (minimum- 
or maximum-boiling) mixture with one or more of 
the components. 

2. Crystallization: a, simple refrigeration; b, re- 
frigeration in an appropriate solvent. 

Simple refrigeration is usually successful when the 
wanted component is present in the given fraction in 
large amount and when it has a not too low freezing 
point. Mixtures of large unsymmetrical molecules 
having a low freezing point usually become very 
viscous before the freezing point is reached, and in 
these cases simple refrigeration results in glassy solid 
mixtures. 

Refrigeration with an appropriate solvent permits 
crystallization of the wanted component by increas- 
ing its mobility in the liquid state at the temperature 
of crystallization. 

3. Adsorption: Variations in this method of frac- 
tionation are obtained by using different absorbent 
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materials, which differ in selectivity and capacity, 

4. Extraction: Variations in fractionating by ex- 
traction are obtained by using different solvents 
which have different selective solubilities for the 
various components of the mixture. 

The simple process of fractional distillation has it- 
self been remarkably improved in the past decade, 
Liquids which were formerly considered inseparable 
by distillation now are easily separated in efficient 
rectifying columns. This is important to the present 
problem; because, with few exceptions, the first 
fractionating tool to be used on any crude cut is that 
of efficient distillation, whereby the fraction is sep- 
arated into a series of substantially constant-boiling 
fractions. 

Distillation at pressures below atmospheric is, in 
certain cases, advantageous in separating two com- 
ponents. For example, there is evidence that the 
vapor-pressure—temperature curves of a paraffin and 
a naphthene normally boiling near the same tempera- 
ture cross each other, so that in a certain pressure 
range the paraffin is more volatile than the naph- 
thene, while in another pressure range the naphthene 
is the more volatile. 

Examples of the utility of adding appropriate other 
substances in order to break up, by distillation, an 
otherwise constant boiling fraction are: a, the use 
of methyl or ethyl alcohol in separating the abnormal 
mixture of hexane and benzene, which cannot be 
completely separated by simple distillation; and, b, 
the use of glacial acetic acid in separating an ideal 
solution of a paraffin and a naphthene normally 
boiling near the same temperature. The latter method 
is useful for separating the appropriate hydrocarbons 
boiling in the range from about 100 to 180°C. 

Crystallization by simple refrigeration is especially 
useful in separating some of the normal paraffins 
which have been previously concentrated into given 
cuts by distillation. The usual method here is that 
of equilibrium melting where the entire cut is first 
solidified and thoroughly mixed to secure homogenei- 
ty; and then, as the temperature is raised, most of 
the impurities are centrifuged off as a liquid from 
the more or less pure crystals of the wanted hydro- 
carbon. It is possible to obtain hydrocarbons of a 
very high degree of purity by this method. 

When the given cut contains no one hydrocarbon 
in large amount, and when the freezing point is low, 
the fraction will usually solidify to a glass on cooling 
—and the method of crystallization from a solvent 
must be used. For this purpose it is necessary to 
select a suitable liquid solvent which itself does not 
freeze at the given temperature. Liquid methane, 
ethane, propane, the halogenated methanes, and 
methyl and ethyl either can be used advantageously 
as solvents which will permit crystallization of 4 
hydrocarbon which cannot otherwise be crystallized 
because of its viscous nature at the freezing tempera 
ture. 

In the method of fractionation by extraction am 
appropriate liquid solvent is selected in which the 
constituents of the given petroleum fraction will dis 
tribute themselves in proportions other than thos¢ 
which they have in the fraction itself. For example, 
aromatic hydrocarbons are more soluble in liquid 
sulfur dioxide than are the paraffins and naphthenes, 
and this method becomes extremely useful in remov- 
ing the aromatic hydrocarbons from the other typé 

The use of the method of adsorption in fractionat 
ing hydrocarbons is a more recent development 1 
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the work of the project. By means of adsorption with 
silica gel, it has been found possible to remove effec- 
tively the aromatic constituents from a given frac- 
tion. Because the capacity of the gel in this regard is 
small, being about 1 g. of aromatic hydrocarbon per 
10 g. of silica gel, this method has its greatest utility 
in completely stripping a given fraction of its aro- 
matic constituents after the main bulk of the latter 
has been removed with sulfur dioxide. It is also 
possible-to effect a small but significant separation 
of naphthenic from paraffinic hydrocarbons by means 
of adsorption with silica gel. 


ANALYSIS OF THE CONSTITUTION OF THE 
NAPHTHA FRACTION 


It is the main purpose of this paper to give a sum- 
mary of all the information which Research Project 
6 has obtained to date on the chemical constitution 
of the naphtha fraction of the Mid-Continent petro- 
leum which has been under investigation. Leslie and 
White have just completed a critical study and an- 
alysis of all the data obtained by the entire project 
on the gasoline fraction of this petroleum, and the 
information contained in their report is displayed 
graphically in the accompanying figures and tables. | 

Figure 1 gives a graphical history of the 1000 gal- 
lons of selected Mid-Continent crude oil supplied to 
the project by Marland Oil Company from its well 
No. 6 in the South Ponca field, Kay County, Okla- 
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FIGURE 1 


History and Status of Work on the Analysis of a 
Mid-Continent Petroleum 


homa. The assay distillation is recorded at the bot- 
tom of the figure. This oil was first distilled in a 
semi-commercial column by Sun Oil Company. Then, 
in the laboratory of the project at the National Bu- 
reau of Standards, the naphtha fraction was distilled 
in a 15-liter metal still provided with a 20-plate col- 
umn, and subsequently in 30-plate all-glass rectifying 
stills. The naphtha fraction now was fractionated 
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FIGURE 2 
Volume -Temperature Distillation Curve of the Fraction 55-145°C. Before Removal of Any Constituents 
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The ordinate scale on the left gives the volume percentage of the fraction 55-145°C. constituted by each one-de cut. The in 
with the pale woot ‘tnd on the right, gives the sbtoontive index. The scale of abscissae gives the boiling cmigeuanite ts ** (at 960 tam.) ~ 
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whose boiling points normally lie quite close 
together; or 
c. an azeotropic (minimum- or maximum-boiling) 
‘ mixture of two or more hydrocarbones. 
nen Re Renn 5e-18S G- In order to fractionate these practically constant- 

In Figure 2 is shown the volume-temperature re- boiling cuts, a variation in the method of distilla- 
lation of the fraction boiling between 55 and 145°C. tion, some form of crystallization, extraction, ad- 
at the end of this first series of distillations, before sorption, or carefully-controlled chemical treatment, 
the removal of any of the constituents. The oil in or any combination of these, was used. Thus, in case 
this fraction, which constitutes about one seventh of (a), which is rarely encountered in actual practice, 
the original crude, was distributed chiefly in four the wanted constituent was separated from its im- 
temperature ranges: 10 percent in the range from 65 purities and in cases (b) and (c) one or more of the 
to 70°C., 30 percent from 90 to 100°C., 25 percent components were removed. Subsequent to this separa- 
from 115 to 130°C. and 15 percent from 130 to 145°C. tion, straight distillation in highly efficient stills was 
The curve in the upper part of the figure gives the again used, and a new set of constant-boiling fractions 
refractive indices of the various cuts. Each constant- obtained. Then the interlocking process of separation 
boiling cut which cannot practicably be further sep- proceeds. 
arated by distillation may consist of : In Figure 3 are shown the curves exhibited in 
a. a substantially pure substance ; Figure 2, together with information which portrays 
b. an ideal solution of two or more hydrocarbons the complexity of the task of separating the con- 





into cuts of nearly constant boiling point, and separa- 
tion by distillation was no longer practicable. 


PRELIMINARY DISTILLATION OF GASOLINE FRACTION 
AND HYDROCARBONS ISOLATED OR SUSPECTED 
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FIGURE 3 


Composite Chart Including the Curves of Figure 2 and Showing All the Known Possible Hydrocarbons Boiling in the 
Range 55-145 °C, 


The ordinate scale on the left gives the volume percentage of the fraction constituted by each 1° cut, and the ordinate scale at the upper right 
gives the refractive index. The ordinate scale in the lower right gives the volume peene (see text for explanation) of the fraction 55-145 by 
constituted by the hydrocarbons indicated by the vertical solid or broken lines. The hydrocarbons actually isolated from this distillate are indicated by 
the solid vertical lines, and those detected by the dotted lines. The scale of abscissae gives the temperature in ° tin 
The horizontal section labeled “total compounds” indicates at the appropriate temperature all the known hydrocarbons that are reported to bo bol 
the range from 55 to 145°C. The four lowermost horizontal sections indicate the types of the given hydrocarbons. A horizontal line through a sy™ 
indicates the uncertainty in the boiling point. 

The diagonal ia helew the pes a me ow curve represents the average value of the refractive index for the paraffin hydrocarbons. 
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TABLE 1 
Analysis of Figure 3 











Constant-boiling Fraction 
Approximate Boiling Range Types of Names of Chief Method of Separation 
(Deg. C.) Class! Constituents Constituents or Detection? 

RE. si calee’s Sacha E Ose soa eo 8 Nee a Paraffinic.:...5...655... 2,3-Dimethylbutane........ Distillation. 

(Resolved into three fractions by fur- 2-Methylpentane........... Distillation. 

ther distillation) 3-Methylpentane........... Distillation. — 

EN Odes he ee ks etek waa g ay c i eee WAROMBMES 0655 6/00 5 o.oo ae gh ves Distillation with methyl and ethyl alcohol 
Naphthenic.......... Methylcyclopentane........ nitration followed by crystallization. 
fe ES rere SS Eee. mat Seet Lee 

NE. , ie As as Bina oso ale bind a0 See b PER. ik v4 on os 2, 2-Dimethylpentane....... Nitration followed by crystallization. 
Naphthenic.......... Cyciohexame........0.0::-:> 
ASCE, 65065 00 2 Ee DIG 3 > vb ea bch end hes ’ 

2-Methylhexane............ Crystallization with solvent. 

icc orgie a wie Wong! ork Baa awk Aces b PRRs oo ios dss 3-Methylhexane............ Suspected from R. I. curve. 
Naphthenic.......... 1, 2-Dimethylcyclopentane. . 

1, 3-Dimethylcyclopentane. . . pe Re 

DE: cuvatinen saben EE eke eda ee c Paraffinic............ me ES Re aera tape Nitration followed by distillation and crys- 
Naphthenic.......... Methylcyclohexane......... tallization. 
| a re SOMCEB Siar ecctnesciesagss F tae 

NRE Pererege eee ae b | AR Baap aren 2, 5-Dimethylhexane........ Suspected from volume of distillate and 
pT | ee eee 2, 4-Dimethylhexane........ R. I. curve. : ¢ 

2, 2, 3-Trimethylpentane.... Toluene separated by nitration. 
Polweme. v.65 sc cesscecceses ‘ : 

RSE Rang Deemanw ae Si ae roe tea b a. RE ea are WIRES) ih. 65 oo isis be a oy 50 Crystallization with and without solvent. 

Naphthenic.......... 2-Methylheptane........... 
m-Dimethylcyclohexane..... 
p-Dimethylcyclohexane..... = 

Peres rept st ery eee ¢c LR aaa 2, 5-Dimethylheptane....... Paraffins suspected from volume of distil- 
SE er 2, 4-Dimethylheptane....... late and R. I. curve. : 

o-, m-, and p-Xylenes....... Aromatics isolated by extraction and sul- 
Ethylbenzene.............. fonation. 

SNS Peg ca Be ache van vbw cd b | a 2-Methyloctane............ Paraffins suspected from R. I. curve. 

ATOMBUC. «os 05 is000> 3-Methyloctane : 
oS SA ETS Aromatic isolated by extraction and sul- 
fonation. 




















1 (a) Indicates a substantially pure substance; (b) an ideal solution of two or more hydrocarbons having nearly identical boiling points; (c) an azeotropic (mini- 


mum- or maximum-boiling) mixture. 
2 R. I.=refractive index. 


stituent hydrocarbons. In the horizontal section, im- 
mediately below the volume-temperature curve, are 
shown, by means of short vertical lines at the appro- 
priate temperatures, the known possible hydrocar- 
bons which may be constituents of the oil. The 
character of each of these possible constituents is 
indicated in the four next lower horizontal sections 
of Figure 3 to be paraffinic, naphthenic (saturated 
monocyclic), aromatic, or bicyclic (saturated). For 
each given type of hydrocarbon, both the boiling 
point and number of possible isomers increase with 
the size of the molecule, so that the number of the 
possible constituents increases greatly with rise in 
boiling point. 

The diagonal line drawn just below the curve of 
refractive index represents the average values, of 
the refractive indices of the paraffinic hydrocarbons. 
Horizontal lines at about 1.42 and 1.50 would repre- 
sent approximately average values for the naphthenic 
(saturated monocyclic) and aromatic hydrocarbons, 
respectively. 

The solid perpendicular lines drawn in the volume- 
temperature plot indicate the hydrocarbons which 
were sufficiently predominant in the first set of con- 
stant-boiling fractions to be isolated. The types of 
these isolated hydrocarbons are indicated by appro- 
priate symbols. The height of each of these lines 
represents roughly the percentage of the fraction 55- 
145°C. which is estimated to be constituted by the 
given hydrocarbon. The dotted lines represent, in 
a similar way, some less abundant hydrocarbons 
whose presence was later made evident. 

Table 1 summarizes the nature of the substantially 
constant-boiling fractions which appear in Figure 3. 
Three are of the class (a), or substantially pure sub- 
stances; five of the class (6), or ideal solutions of 
components having nearly identical normal boiling 
points; and three of class (c), or azeotropic mixtures 
(minimum- or maximum-boiling). The last named 
are attributable to the presence of the aromatic hy- 
focarbons, benzene, toluene, and the xylenes. The 
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presence of these aromatic hydrocarbons is indicated 
by the sharp rise in the refractive index at the ap- 
propriate temperature. 

The hydrocarbons separated from the first set of 
constant-boiling fractions, by means of crystalliza- 
tion, extraction, etc., include: 


1. All the possible normal paraffins: hexane, hep- 
tane, octane. 


2. All the 2-methyl derivatives of these normal paraf- 
fins. 


3. Two other isomers of hexane: 2,3-dimethylbutane 
and 3-methylpentane. 


4. Methylcylopentane and methylcylohexane. 


5. All: the possible aromatic hydrocarbons: benzene, 
tolune, ethylbenzene, and the three xylenes. 


Figure 4 shows the volume-temperature relation of 
the fraction after the foregoing compounds were re- 
moved and the fraction was again subjected to re- 
peated distillation. As was expected, the removal 
of the major constituents caused the disappearance 
of some of the volume peaks which are shown in 
Figure 3; other volume peaks have become more 
prominent; and some new ones have appeared. The 
changes in refractive index have become more marked 
because of the closer fractionation attainable by dis- 
tillation of the now less complex mixture. In Figure 
4 are indicated by solid vertical lines, in the volume- 
temperature plot, the hydrocarbons that were sep- 
arated from this second set of constant-boiling frac- 
tions. Those hydrocarbons whose presence was de- 
tected are indicated by the broken lines, and those 
suspected by the dotted lines. As in Figure 3, the 
known hydrocarbons and the type of molecule are 
indicated. 

Table 2 summarizes the results of a study of the 10 
new constant-boiling fractions indicated in Figure 4. 
All the constituents present in significant amount 
in the region from 55 to 75°C. have been isolated and 
identified, and all the oil remaining in the region 98 


259 





DISTILLATION OF GASOLINE FRACTION (AFTER REMOVAL OF CERT.AIN CON 
STITUENTS) AND FURTHER HYDROCARBONS ISOLATED OR SUSPECTED 
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TABLE 2 the 
Analysis of Figure 4 star 
Constant-boiling Fraction exp) 
Approximate Boiling Range Types of carl 
(Deg. C.) Class! |} Constituents | Names of Chief Constituents Method of Separation or Detection? The 
i a Ee eins 46-65 aie 6, b Naphthenic...| Cyclohexane................. Crystallization. ing 
Paraffinic..... 2, 2-Dimethylpentane......... : 
ESE Soe 5 are ane a Naphthenic...| 1, 1-Dimethylcyclopentane....| Crystallization. min 
teat ol eae) 3 ews 6s qee b Naphthenic...| 1, 2-Dimethylcyclopentane....| Suspected from R. I. curve. to b 
Paraffinic.....| 1, 3-Dimethylcyclopentane....| 3-Methylhexane detected by R. I. and chlorosulfonic-acid treat- 
3-Methylhexane.............. ment. F 
DC Oulauk etcbhen tc cusses eee b Naphthenic...| Ethylcyclopentane............ Suspected from volume of distillate and R. I. curve. h 
Paraffinic..... 2, 2, 3, 3-Tetramethylbutane. .. the 
EG. 609 6 s's4 6 WEN 40 08's 04:6. 0% b Naphthenic...| 1, 2,4-Trimethylcyclopentane..| Suspected from volume of distillate and R. I. curve. isol: 
Paraffinic.....| 2, 5-Dimethylhexane.......... ; 
2; 4-Dimethylhexane.......... tho: 
2, 2, 3-Trimethylpentane...... Pa : 
A 4 6ie cnn Ve auiss oe Keg eaees b Paraffinic.....| 3, 4-Dimethylhexane.......... Crystallization with solvent or suspected from volume of distillate Tati 
Naphthenic...| 4-Methylheptane............. and R. I. curve. this 
3-Methylheptane............. ’ : 
Cycloheptane...............- soli 
m-Dimethylcyclohexane....... 
p-Dimethylcyclohexane....... late 
SCS che Seles ora had ll «che a b Paraffinic..... EP re Suspected from volume of distillate and R. I. curve. of 
Naphthenic...| 2, 2, 5-Trimethylhexane....... S 
1-Methyl-2-ethylcylclopentane . enc 
o-Dimethylcyclohexane........ 
SEES a dey ated ad bbe Cee Ka b Naphthenic...| Ethylcyclohexane............. Crystallization with solvent. The cyclopentane suspected from cate 
n-Propylcyclopentane......... R. I. and freezing point behavior. 55 
as Sia hada baci ot b Paraffinic.....| 2, 4-Dimethylheptane......... Nonanaphthene isolated by crystallization. Others detected after do- 
Naphthenic...| 2, 5-Dimethylheptane......... subsequent fractionation. carl 
Nonanaphthene.............. 
1, 3, 5-Trimethylcyclohexane... , F 
NT SP eo ey ere ee b Paraffinic.....| 2-Methyloctane.............. Detected from volume of distillate, R. I. curve, and subsequent . 
Naphthenic...| 3-Methyloctane.............. fractionation. tor 
4-Methyloctane.............. h ¢ 
1, 2, 4-Trimethylcyclohexane.. . ian (55 
1 (a) Indicates a substantially pure substance; (b) an ideal solution of two or more hydrocarbons having nearly identical boiling points; (c) an azeotropic (mini- 
mum- or maximum-boiling) mixture. 2R.I.=—refractive index. I 
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HYDROCARBONS IN GASOLINE FRACTION 
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FIGURE 5 
Composite Chart of the Hydrocarbons in the Gasoline Fraction 55-145 © C., Including: 
. Those Hydrocarbons Actually Isolated and Identified; —--—-—, Those Detected and in Process of Sep- 
aration; ------- » Those Whose Presence in Significant Amount is Suspected. 


The vertical lines above the zero abscissa indicate roughly (see text for explanation) the percentage of the fraction (scale to left) which 


is estimated to be constituted by the given hydrocarbon. 


horizontal section labeled 


to 100°C. has been attributed to normal heptane and 
methylcyclohexane. 

A study of Figure 4 indicates that, once the aro- 
matic compounds have been removed, no pronounced 
tendency to form azeotropic mixtures exists. With 
the exception of the fraction 87-89°C., all the con- 
stant-boiling fractions appearing in Figure 4 can be 
explained as ideal solutions of two or more hydro- 
carbons having nearly identical normal boiling points. 
The one exception may also be explained by consider- 
ing it to be of the ideal-solution type in which the 
minor components were present in amounts too small 
to be detected. 

Figure 5 indicates the type and amount of each of 
the various hydrocarbons which have been actually 
isolated from the fraction 55-145°C., together with 
those hydrocarbons detected and in process of sepa- 
tation and those hydrocarbons whose presence in 
this fraction in significant amount is suspected. The 
solid lines indicate the hydrocarbons actually iso- 
lated ; the broken lines, those detected and in process 
of separation ; and the dotted lines, those whose pres- 
ence is suspected. The ordinate in each case indi- 
tates roughly the estimated percentage of the fraction 
99-145°C. which is constituted by the given hydro- 
carbon. 

_Figure 5 may be said to represent all the informa- 
tion which the project has obtained to date on the 

ydrocarbon constituents of the gasoline fraction 
(55-145°C.) of this petroleum. 

In Tables 3, 4, and 5 are listed, according to boil- 
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The ordinate scale on 
carbon is indicated by appropriate symbols, as explained in the lower sections. 
“total compounds.” The scale of abscissae gives the boiling temperature in 


e right gives the actual volume handled. The type of hydro- 
The known possible hydrocarbons are indicated, as before, in the 
eg. C. (at 760 mm.). 


ing point, state of analysis, and (roughly) percentage 
content in the fraction 55-145°C., all the various 
paraffinic, naphthenic (saturated monocyclic), and 
aromatic hydrocarbons given in Figure 5. In these 
three tables are listed 47 different hydrocarbons, 
which number is to be compared with the total of 88 
known hydrocarbons reported to boil in the range 
from 55 to 180°C. 

It is to be emphasized that, because the determina- 
tion of the percentage of a given hydrocarbon in the 
petroleum is subordinate to the main problem of sep- 
aration and identification, and because unknown 
losses occurred all along the way of these pioneering 
experiments, the figures representing the percentage 
content must be considered to be rough approxi- 
mations only. As will be seen from the more detailed 
report of Leslie and White, the values in the last 
column of Tables 3, 4, and 5, and the values in 
Figures 3, 4, and 5 for the individual hydrocarbons, 
are probably too low by about 50 to 75 percent; but 
are, nevertheless, fairly representative of the relative 
amounts. Since it was the original intention to ob- 
tain only the order of magnitude of the percentage 
content of the identified hydrocarbons, the fact that 
the estimated percentage contents for the hydrocar- 
bons of the gasoline fraction may add up to only 
about 60 percent is gratifying rather than disturbing. 
When the entire naphtha fraction has been worked 
out, it will be possible to adjust the values of the 
percentage content more nearly to represent the ac- 
tual amounts present. Meanwhile, the figures are 
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TABLE 3 
Paraffin Hydrocarbons in the Gasoline Fraction (55-145° C.) of a Mid-Continent Petroleum 


Including: A, those actually isolated; B, those detected and in process of separation; 


C, those whose presence is suspected. 











Estimated 
Percentage 
Boiling in the Fraction 
Point 55-145° C, 
(760 mm.) | State of (see text, 
No. | Formula NAME (Deg. C.) | Analysis | for explanation) 

1 CeHia4 Dt Pe eed aera wie. ive 55s J4.5 March da OW TAs SKEOR CURE RS: 58.0 A 0.30 
2 CeHia4 ee eh gare oly Sch ues ead Sew o0 oie iiy ORR ODE ODD > MD dhO'E Dore heap 60.4 A 0.65 
3 CeHi4 ne, A ee eo Ae shea Ruidine bw vist s 0b 6 he kM coke Chip cb ome abecdg ee 4 63.3 A 1.30 
4 CeHi4 IE Wk) Bs a kas a aide 6 ake Pis e406 de ehh Wb S'S apres bivbiw eee HW baie ene coe base 68.7 A 3.60 
5 C7Hi16 I NER rd OS at nt g's 5 dp 4 Oe ADOT 6 ae ge wen c ped rea Se Cue ea} 78.9 A 0.20 
6 C7Hi6 aa a cid iu ws Sibi 5c 30g < dns ow Wi 6 sala 's etal da ea'd-dhb: 0-0: b.0.4.9'0's e's hone ce Mielposy 89.7 A 1.80 
7 C7Hie CR sR ae tae Oe leo NOUR w aaba gp Naiwell v5 palsies oe chev ed ab ack 92.0 B 1.45 
8 C7Hi6 ie ote ee og’) gcraidbisiee dub gC Ase Ads ned dre LARA OA® 98.4 A 6.50 
9 CsHis ee eR a le fats decd nan wks ac ebe aceite s deisbacece cee ce papies 106.8 Cc 0.30 
10 CsHis Ee re yh ek cd as opie Cue ban boednn ne fonss opesconeGeen 109.2 Cc 0.25 
11 CsHis ncn SG Dada Soh a's ing n 07 6 ciddn die Baiesine \ O54 Sind wi kin oo vices bpreinene db ef 109.9 4 0.25 
12 CsHis ce he toe kod d oS 6 Up 'eie nals o Oe wUnwenwe ed dw elien eel enews 110.8 Cc 0.25 
13 CsHis ed re na ke. alae bip's A ae alo Oo A:N4cid eh wa s's «hi an'ching ome 0 § tee 116.5 c 0.35 
14 CsHis tie Ee og ails ok Cask Ske ON F400 > be IO 6 RNS biclw eles dim Reba rs 117.2 A 1.10 
15 CsHis ae en BR a eis Ak Bis db: pod Wie Alp ale iae 4.8 F aibN G-o-d\ 9g h wincecaboterdsn aaldeoce 117.6 c 0.90 
16 CsHis ser emai a et ye hs cigeebinwicy eles sieeee oo «Si ew dc hide cee tne 118.0 A 0.90 
17 CsHis CL eM Bey aia ba coiblgc 6% e'eia-e-e CUR via a 6400's BV.8 5.60 096s ded baw bebceee's 125.4 A 7.25 
18 CeHe2o I oe ld ek Se diay eWaih ob'dl «Aig 6:4 6 wai p aida Awad 4 cmip bb oak a boare 126 c 1.20 
19 CoHe20 ES ut ee LR Oe Le ibe ME sad oedee $6 baw opener view cecies eyle eis 133.5 B 0.40 
20 CoH2o i aes Bn ca OR aad tie RWC 6B s spews Rp CL Dae oo beh h ede upon 135.9 B 0.50 
21 CoH20 Ee Sets ee rn eo Sek Gk cut ece 40W seals Pius cab wweebecdhese sé 141.6 B 0.95 
22 CoH20 OO ay Or oS ly Dee de Ce bcn due SEES esse cages ssoasedhe ves 142.8 B 1.45 
23 CoH20 EM Sh se Cod i'c a. < aidvssctwe's ve cs 0b CA PAE, SS SES PEI CAAA AS 143.4 B 1.45 


























reported unadjusted so that they will remain consist- 
ent with the values of the percentage content already 
published. 

Table 6 summarizes the information presented in 
Tables 3, 4, and 5; and gives the estimated relative 
amounts of the hydrocarbons with respect to type, 
and also with respect to state of anaylsis. 


THE FRACTION 145-180°C. 


In the range from 145 to 180°C., predominant peaks 
in the volume-temperature distillation curve occur- 
red near 150, 160 and 170°C. Normal nonane was 
isolated from the region around 150°C.; normal de- 
cane, from that around 170°C. ; mesitylene, from that 
around 160°C. ; and pseudocumene and hemimellitene, 
from the fraction 168-175°C. after the normal decane 
had been removed. 

The hydrocarbons actually isolated from the frac- 
tion 145-180°C., together with rough estimates of the 
amounts present, are listed in Table 7. Although 
there are 80 hydrocarbons reported to boil in this 
range, about one third of the fraction 145-180°C. is 
constituted by the five hydrocarbons listed in Table 7. 

Some of the hydrocarbons which are probably pres- 
ent in the remaining oil of the fraction 145-180°C. 
include: propylbenzene, ethyltoluene, butylbenzene, 
methylpropylbenzene, isomers of decane, and certain 
naphthenes. 


SUMMARY FOR ALL THE FRACTIONS BOILING 
BELOW 180°C. 


Table 8 lists all the hydrocarbons that have been 
actually isolated from the Mid-Continent crude by 
Research Project 6. 

In connection with the work of the project on that 
part of the petroleum normally boiling below 180°C., 
the following points may be mentioned: 

1. All the fraction below 100°C., except the cut 
91-92°C., has been completely worked out. 

2. No olefinic hydrocarbons are present in the 
fraction befow 180°C., as shown by the zero iodine 
number. 

3. Samples of hydrocarbons representing over half 
of the fraction 55-180°C. have been isolated and 
identified. 

4. Four of the five possible isomers of hexane have 


been obtained. The missing one, 2,2-dimethylbutane 
(boiling point 49.7°C) was looked for but not found; 
and, if at all, must have been present in an amount 
too small to be detected. 

5. All of the possible aromatic hydrocarbons boil- 
ing below 145°C.; viz., benzene, toluene, ethlyben- 
zene, and each of the three xylenes, have been found. 
The three trimethylbenzenes have also been iso- 
lated. 

6. The normal paraffin hydrocarbons from hexane 
to decane, inclusive, together constitute about one 
fifth of the fraction 55-180°C. 

%. After the normal paraffins, the next more abun- 
dant hydrocarbons of the fraction 55-180°C. include: 
2-methlyhexane, methlycyclopentane, cyclohexane, 
methlycyclohexane, toluene, and pseudocumene. 

8. With the exception of these molecules having 
five or less carbon atoms, and four others indicated 
in Table 8, all the hydrocarbons listed in Table 8 
were obtained with a purity of about 95 percent or 
better, and in most cases with a purity of 99 percent 
or better. One hydrocarbon, normal decane, was ob- 
tained with a purity of better than 99.99 percent. 

9. Of the hydrocarbons listed in Table 8, 18 have 
not previously been actually isolated from any petro- 
leum—the evidence for their presence, where re- 
ported, having been in most instances based upon the 
products obtained by chemical treatment of certain 
petroleum fractions or upon volume peaks in the 
distillation curve. 


POSSIBLE BENEFITS TO THE INDUSTRY 


The immediate benefits which may arise to the 
industry from a definite knowledge of the chemical 
constitution of petroleum, and of practical methods 
for separating the major chemical constituents, may 
be summarized, in general, as follows: 

1. This knowledge will aid in the better utilization 
of petroleum for its various present and potential 
uses. The way will be made-clearer for the practical 
separation of the crude into cuts differing in type ° 
molecule as well as in size (boiling point). Separfé 
tion by boiling point alone yields cuts possessing 4 
conglomerate mixture of the properties of the paraf 
finic, naphthenic, and aromatic hydrocarbons. The 
separation both by type and size yields products 
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TABLE 4 
Naphthene (Saturated Monocyclic) Hydrocarbons in the Gasoline Fraction (55-145 °C.) of a Mid-Continent Petroleum 


Including: A, those actually isolated; 
C, those whose presence is suspected. 

































































Estimated 
tion Percentage 
C Boiling in the Fraction 
rie Point 55-145° C. 
tion) (760 mm.) | State of (see text, 
No. | Formula NAME (Deg. C.) | Analysis | for explanation) 
1 CeHi2 EE Oye ELE ON CEE MPR WEE ROM ee Oe YP ey EE Ly 71.8 A 1.45 
2 CeHi2 CII oon ko vines ko bc bis oe Gee Ree cUe ccm cele tees de bese Coe Lika Ca wk va Pee 80.8 A 2.20 
3 C7Hia4 D, Sem NE 86s 550s Fa Caden 0 dc alae hans de ae gaa s xh seal ee 87.5 A 0.30 
4 C7H14 | ee STU TS SEL EER OTE OT TT eT POLE eS PE Ee Ye 90.7 ce. 1.45 
5 C7Hi4 Oe ee ne TS Se Peet rey eee ee err ET ery Te roe re Thee 91.8 $4 1,45 
6 C7Hi4 I aa s, ie cca padi 'o die 8-4 DAW ROAD ROWERS OR OEE SER Eber Wd ae EE 100.8 A 2.20 
7 C7H14 CGN io 5 isd oR ia ian bE SS seals owe ledanaesee a einen neeaeaa 103.0 c 0.30 
8 CsHi6 LZ, Dek CONN a aia oo kis Kis Hind FRAC  ea ee eeaas KemeeNs heed bie wee 112,5-113 Cc 0.70 
9 C7Hi4 pS FREES FER Uap ater Hoe Baie ae SR ee In Re ed hele poh Sete 118.1 e 0.90 
10 CsHi6 Si NON oie os co 5 avn 6 k pos ak Kone bac hWen sw ebSE SS aga eet es oh eee 120.0 A 1.10 
11 CsH16 Be LL LLL EDO GEE LT oy IN es APO CP PVs IRC SEY: 121.7 Cc 0.70 
12 CsHi6 En DCR Tae ar OIOMROIG ooo os aa. 60s 5 ck cnt os omd tg cpa pds ase stale so htn whan senna 124.0 Cc 0.50 
13 CsHie6 ce ee OS RETO Were mene: PL, ws hor aes pe a poe yin ets 128.0 Cc 0.40 
14 CsHieé NI Sg. ess ii ordi as & tisk abd ED ERD 68s Lae Ph OD DEE 24.022 eee 131.3 Cc 0.70 
15 CsHi6 REMGCPCIOUEOMO. 5 oe ES oF AS SRT IDALS, As PEON EP e bas URGS BEE le 131.9 A 0.70 
16 CoHi8 Nomanentt hone: (cocionentane Gorivative) .......:....< ./s00.4.0:5.0.6.0.7-0.005.debndan.s caeda one cena 136.7 A 0.65 
17 CoHis bth a PEELE OROOMINID 505.2 i via's'h bo ald Me Nos Cm ACEUE VES sa heh tab eae awk Rea oe Pew 137-139 Cc 0.70 
18 CoHis8 Tap em BOC NE RIOTING saosin ook le Su bc Dike a oe SVG 0 Bin 60's WES Fab e Gis 4 Un CEO aE 143-144 Cc 0.70 
aie possessing desired properties to a higher degree of dustry. It is to be expected that for the reactions 
quality and of a greater variety than before. These of cracking, polymerization, oxidation, hydrogenation 
uit petroleum products with specialized properties can etc., the more homogeneous the charging stock with 
Be better satisfy the many new and specialized needs respect to type and size of molecule, the easier it is 
dat that the industry is being called upon to serve. A to determine and maintain the optimum operating 
possible application of the foregoing lies in subject- conditions, the more homogeneous is the nature of 
soil: ing the gasoline fraction to a process of fractionation the products formed, and the greater is the yield of 
wee whereby those molecules that are excellent anti- substances with the desired properties. It may be 
a detonants (the aromatics and the highly branched said, in general, that any refining process or reac- | 
a paraffins) will be separated from those that are poor tion can be made to give better and greater yields, or 
in this regard. In this way it might be possible to to operate more economically, if there is available 
aii prepare in a practical way some of the gasoline of definite knowledge of the chemical constitution of 
po very high octane number that is needed for certain the charging stock and of methods for making the 
. aviation uses. charge more homogeneous with respect to both size 
mg 2. The various chemical reactions, such as crack- and type of molecule. 
a ing, polymerization, etc., to which certain fractions 3. The naphtha fraction of petroleum can become 
eal of petroleum are subjected for the purpose of obtain- an important source of chemical compounds for use 
ca ing products with desired new properties, can be in industry and science. The use of petroleum as 
ine more profitably controlled. Given certain thermal the source of some chemicals is already a matter of 
te: data on heats of reaction and heat capacities, it is history. As the knowledge of the chemical constitu- 
le 9 possible to determine, without the performance of tion of petroleum increases, the industry can convert 
ree a single equilibrium measurement, the optimum con-_ the laboratory methods of separation to a commer- 
<i ditions of temperature and pressure for carrying out cial basis, and obtain from the naphtha fraction many 
Ree a given chemical reaction involving the disappear- new chemicals which have or will find an important 
fo ance of certain known molecules and the formation economic value. One can visualize the use of some 
ties of certain other known molecules. In the cracking of the hydrocarbon constituents as the starting point 
ili: reaction, for example, the desired end products are in the synthetic production of whole series of new 
es known, but there is little information about what substances useful to man. Developments along this 
a molecules are actually going into the cracking plant. latter line have been hampered both by a lack of 
tain Without a definite knowledge of the constitution of chemical homogeneity in the oils used as starting 
the the charging stock, the full power of the methods materials and by a lack of knowledge of the methods 
of chemical thermodynamics cannot be utilized to for separating the mixture of products obtained. In 
control these reactions most economically—and re- this connection, it may be pointed out that the aro- 
course must be had to more or less empirical meth- matic hydrocarbons (benzene, toluene, and_ the 
a ods of control, sometimes at great cost to the in- xylenes) present in one year’s production of straight- 
nical TABLE 5 
hods Aromatic Hydrocarbons in the Gasoline Fraction (55-145° C.) of a Mid-Continent Petroleum 
may Including only: A, those actually isolated. 
ation | Eothnates 
; ercentage 
ntial Boiling in the Fraction 
‘tical Point 55-145° C. 
; ; No. | (760 mm.) | State of (see text, 
De of 0. | Formula NAME (Deg. C.) | Analysis | for explanation) 
ra- 1 CoeHe a SETS 2 APTS NES ag rey eg eee Pe eRe Sra Bey ae 80.2 
ee 2 C7Hs INN a ahs So ig bb bao ob b wc a'eneie Viglen pis 6a NC esos Wid 's Ce dinibe swat oe hE Oye ela a 110.5 4 290 
ng 4 | Cubed tM amoMe. 6 io basis aa pees 1s PORE ET OR Bab Red eR ee 136.1 A 0.20 
e raf- 4 CsHio POSS ee eae ae, dina ancien sch ise culanes toc ag SSSA k chan Rcicy ncn le Saba tie ced a Sa Re ea 38.4 A 0.30 
5 CsHio0 SPRING so 5a 5 64» von dv pb Bsa Lois's SORES SON pRERES Fue bee eines SE PRL a eee 139.2 A 0.95 
The | COPRie. }  OOR MMI 5c bie Sa eS eis be NOR RGN, PET EIG cen eee pa Com ve 144.4 A 0.95 
jucts § 
yo. 6 | June, 1935—A Gulf Publishing Company Publication . 263 

















TABLE 6 


Summary of the Isolated, Detected, and Suspected Hydrocarbons in the 55-145° C. Fraction of a 
Mid-Continent Petroleum 





































































































Detected or Known 
Isolated Suspected Total Hydrocarbons 
Reported 
Estimated Estimated Estimated Boiling in 
Relative Relative Relative the Range 
TYPE No. Percentage No. Percentage No. Percentage | 55-145 Deg. C. 
Ee Se eee ke wpb oa ak sce «vas 60 000-60 eK aes 9 40 14 20 23 60 41 
I Se ls a a Lee ne 6 le wia-k 6 $-scasd.b < 6s bcc.e ae He O80 be 7 15 11 15 18 30 37 
ele ca Llc ala by old bad wcld.n-ee sev Ova oe 6's nates 6 10 es Fa 6 10 6 
es emer al Lane Madi ody bAKd veo veoh ecee ss kb oe ess Hiss a ia 4 
I De ed aa kin coe aceebs et wc bmwbeye 22 65 25 35 47 100 88 
1Saturated monocyclic. 
2Saturated bicyclic. 
TABLE 7 
Hydrocarbons Isolated from the 145-180° C. Fraction of a Mid-Continent Petroleum 
Estimated 
Percentage 
of the Fraction 
Boiling Point 145-180° C. 
(760 mm.) (see text 
No. Formula Name (Deg. C.) for Explanation) 
1 CoH20 LT LAAT SOG S BU Lad AO LEUG ERG we abe s a Sabb els Sees ee woaw ede ae datveabeuwewe 150.72 15.5 
2 CioH22 rama eS a See a cl pllatinnn dp 6, amn's them aie abrone oiece 174.02 12.5 
3 CoHi2 es sg Sak cas ane dis creas bisa esis Semele ce 6 ese 164.64 0.3 
4 CoHi2 nee A A. Si i EON os i oo cs ble clnidsc ets Su bes de weweccetsberces kis 169.2 3 
5 CoHi2 rr ee ae. ee ccc ec sedbocvesecsaccesbasteceeeeeene 176.1 0.9 
I Oe ak nk we .e dul Kno Seek © CARO UC Me Map aldeiee cae deo she sae Uheceg Keates 31. 
TABLE 8 
Hydrocarbons Isolated 
Estimated 
Percentage 
in Crude 
(see text Purity of 
for Best Sample Published 
No. Formula Hydrocarbon explanation) | (Mole Percent) | in RP No.: 
PARAFFINIC 
1 CH. PTA. Bat 2. Meese oe abe Sod bc cd bole Svividbd bc aslndeddesbucadeceis 2 2 
2 CoaHe Rae Mi i ee ek es onthe th eo ups eae nen babe 2 2 
3 CsHs Eee re dV Tad oc nbs ee Rt bt sae d seldbbwdeds sachs obec one 2 2 
4 C4Hio ES Ie See er Pe ee ee Pr rene er 2 2 
5 CsHi2 ee ee as weeks ha Rais bbe Me'b ob seks &editee << 2 2 
6 CsHi2 I rae ied. Oe Ee oe ee od ick os se ce wehhalldcapued gaadacaes 2 2 ee 
7 CeHi4 ke ee oe Sua is bs ciate Keleg bo s'ediee bcs Weea tends iné 0.5 98.3 239,311 
8 CeHi4 So SELL 65 'eS GEN cg bac kbc 660 Cb Moiedb ds deeded sienewartd ) 
9 CeHia4 aa Ci Ln Ls ine wd 6 bum bees wo wns enwaseeuale > 0.3 > 95 239,311 
10 CeHi4 en ae OO a, han aisle fag Sag Ss Go Deane asks th melenpebes } 
11 C7Hie TTR ED Tl eRe eee Seely Pe s,s dL nldwlal eallulé &die chejoleo bates 0.9 > 99.9 432 
12 C7Hie ELISE OIE IEE EO OTE TRE OER OE Te 0.03 54 458 
13 C7Hi6 ar Tere lett ae ode Ad « & wess.06 nda dod wae ewiansaiviees 0.25 99.9 542 
14 C7Hie eR EN a oe ee 2k oo gute hip deiee hembass lareais 3 3 ind 
15 CsHis a ein al Wale daedakhs tee usdavienh o's O8.08 1.0 99.1 282 
16 CsHis I on. ig wee Oe br ost ee erie d «cS gh ets ocinicgbalae <cialtabie 0.15 97 552 
17 CoH20 ae Sg rte ey Be eck CURES 6-6 cade bee bee abe eeeneehee 1.0 99.9 383 
18 CoH20 Ne ea lhn'g SER le odin d 6c Calne oe a mniclins picid bie disks slndede ee 3 3 hg 
19 CoHeo0 EEE POT Sp COT OR PORE COUTTS TE COPTER ORES eT 3 3 asad 
20 CioH22 Tee gee a Ak Sb Saha ud cO'd'ec.c-0§ adhe eaW ewes Cb be Bee eaKaN 0.8 > 99.99 438 
NAPHTHENIC 
21 CsHio Ne es Pa eh be aeeled ee pad ae cteehhes aeies 2 2 ees 
22 CeHi2 sy er hh a ea Sa eid dbs a visloma Wd aan SG 0.2 98.9 375 
23 CeHi2 I ee oe pil dis ce pap Mo eee dae 0.3 99.98 360 
24 C7Hi4 ener re er eis oS ele ce viedpats nn ubewas 0.3 > 99.9 432 
25 C7Hi4 EE ESS SOT OR eS PEER TOS EES pr ee 0.04 95 542 
26 CsHie ois. 5's ce we wie’ paths kg eases a aCe 80 cee 6s a ei 0.15 98 eee 
27 CsHie dee ahlas dk 6s SAS. On eos 6 +A Robe STONE E I 04 gcoeesticenscies one 0.1 95 oes 
28 CoHis a Te a a bw main be lee ems 0.1 > 99 745 
AROMATIC 
29 CeHe eS Ne ees has eae seks skaceeee aes 0.08 99.8 311 
30 C7Hs Leia oe Nae ecg tS ca wan a0g o¥ -daaeibpinas ne deen neds 0.3 2 280 
31 CsHio ERE Aa os rah ie a ay alias Palit cin eneamas dak scdasges 0.04 > 99.9 501 
32 CsHio hr ee eS da ees cic bb eau eae ce ne. cowba'gwncd 0.12 > 99 501 
33 CsHio I SS a te cola diene 0.12 > 99.9 501 
34 CsHio Ce Ba a a hn ivadserbnb Seeded eae becemieceneor 0.03 94 554 
35 CoHi2 ES gee cng ee ea ec pigishic ebkunaials meh meee 0.06 99.95 614 
36 CoHi2 Sc i ce ae A od ne honing aged be iA00ens Adenine soAnes 0.2 99.9 614 
37 CoHi2 EO eee Ree eS dak d ony Ge sig k Sa big wwe ow 0.02 99.95 vit 
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2Not determined. 
sDetermination in progress. 






Refiner & Natural Gasoline Manufacturer—V ol. 14, No. 6 





sev 
uct 


if f 
pet 
uni 


can 
$15 
inst 
abl: 
of | 
anc 
use 


Th 
for 
tende 
(RP: 


bo 


™ 





ns 


pee 


hed 
No.1 





run gasoline alone are estimated to amount to about 
seven times that produced annually in the by-prod- 
uct coke industry. 

It might be extremely profitable for the industry 
if fairly pure samples of the major constituents of 
petroleum were made available at reasonable cost to 
university and other scientific research laboratories. 
At present, for example, one kilogram of normal de- 
cane having a boiling range of about 2°C. costs about 
$150. This is prohibitive to the average research 
institution. Making these hydrocarbons readily avail- 
able to investigators will result in the accumulation 
of important data on their properties and behavior, 
and will lead to the development of new economic 
uses for these substances. 

CONCLUSION 
The successful separation of the naphtha fraction 


PUBLICATIONS OF AMERICAN PETROLEUM 
INSTITUTE RESEARCH PROJECT 6 


Those published in the Bureau of Standards Journal of Research, and 
for which a price is indicated, may be purchased from the Superin- 
tendent of Documents, Government Printing Office, Washington, D. C. 
(RP=Research Paper). 


1. Apparatus and methods for the separation, identification, and de- 
termination of pe. chemical constituents of petroleum. E. W. 
Washburn, J. H. Bruun, and M. M. Hicks. Bur. Standards J: 
Research, 2, 467-88 (1929) ; RP 45, 10 cents. 


Laboratory rectifying columns with non-siphoning bubbling cap 
plates. J. H. Bruun. Ind. Eng. Chem., Anal., 1, 212-3 (1929). 


3. Convenient reflux regulator for ag stills. 3 H. Bruun. Ind. 
Eng. Chem., Anal., 2, 187-8 (1930). 


4. The principles of measurement and calculation in their application 
to the determination of diophantine quantities. E. W. Wash- 
burn. Bur. Standards J. Research, 4, 221-46 1930); RP 145, 
10 cents. 


bh 


5. The problem of establishing the identity and purity of a hydrocar- 
bon obtained from petroleum. E. W. Washburn. Ind. Eng. 
Chem., 22, 985-8; (1930). 


6. An improved Victor-Meyer molecular-weight apparatus. M. M. 
ae le Bur. Standards J. Research, 5, 575-83 (1930); RP 
i] > cents. 


O 


“I 
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the determination of the empirical formula of a hydrocarbon. 
E. W. Washburn. Bur Standards J. Research, 5, 867-90 (1930); 
RP 236, 5 cents. 


8. Isolation of the isomers of hexane from petroleum. J. H. Bruun 
and M. Fi Hicks-Bruun. Bur. Standards J. Research, 5, 933-42 
(1930); RP 239, 10 cents. 


9. Determination of the toluene content of a Mid-Continent petroleum. 
J. H. Bruun, R. T. Leslie, S. T. Schicktanz. Bur. Standards J. 
Research, 6, 363-7 (1931); RP 280, 5 cents. 


10. Separation of n-octane from petroleum by distillation and crystal- 
lization. R. T. Leslie and S. T. Schicktanz. Bur. Standards J. 
Research, 6, 377-86 (1931); RP 282, 10 cents. 


11, Determination of the benzene and the normal hexane content of a 
Mid-Continent petroleum. Johannes H. Bruun and Mildred M. 
Hicks-Bruun. Bur. Standard J. Research, 6, 869-79 (1931); 
RP 311, 5 cents. 


12, Isolation and Spereinniinn of cyclohexane in a Mid-Continent pe- 
troleum. J. H. Bruun and M. M. Hicks-Bruun. Bur. Standards 
J. Research, . 607-15 (1931); RP 360, 5 cents. 


13. Isolation and determination of methylcyclopentane in a Mid-Conti- 
nent petroleum. M. M. Hicks-Bruun and J. H. Bruun. Bur. 
Standards J. Research, 7, 799-809 (1931); RP 375, 5 cents. 


14, Laboratory rectifying stills of glass. J. H. Bruun and S. T. Schick- 
. Bur, Standards J. Research, 7, 851-82 (1931); RP 379, 

cents. 

15. Isolation of n-nonane from a Mid-Continent petroleum. Joseph D. 
White and F. W. Rose, Jr. Bur. Standards J. Research, 7, 
907-11 (1931); RP 383, 5 cents. 

16. What is petroleum? Methods for the isolation and determination 
of the chemical constituents of petroleum. J. H. Bruun. 
Chem, Education, 8, no. 10, 1930-44 (Oct. 1931). 


Isolation and determination of normal heptane and of methylcyclo- 
hexane in a Mid-Continent petroleum. Including a determina- 
tion of the phase-equilibrium diagram for the condensed system 
normal heptane-methylcyclohexane. M. M. Hicks-Bruun and J. 
1a geo Bur. Standards J. Research, 8, 525-40 (1932); RP 

cents. 


Isolation of n-decane from petroleum by distillation and equilibrium 
melting. J. H. Bruun and M. M. Hicks-Bruun, Bur. Standards 
J. Research, 8, 583-9 (1932); RP 438, 5 cents. 

A laboraicry apparatus for the continuous extraction of liquids by 
low-boiling solvents. R. T. Leslie, Bur. Standards J. Research, 
8, 591-9 (1932); RP 439, 5 cents. 

Note on the probable presence of 2, or sa ee in a Mid- 
Continent petroleum. J. H. Bruun and M. M. Hicks-Bruun, 

Bur. Standards J. Research,"9, 53-9 (1932); RP 458, 5 cents. 
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of one petroleum into its major chemical constituents 
may now be said to be a reality in the laboratory. 
Although Research Project 6 has invested about 40 
man-years of research in the determination of the 
chemical constitution of the major part of the 55- 
180°C. fraction of one petroleum, all of that work 
has been an adventure in unexplored territory. One 
could now, having charted and marked the course, 
accomplish the same results on any crude petroleum 
with a fraction of that effort. 


The future work of the project with regard to the 
naphtha fraction will be: 1, to complete the separa- 
tion and identification of the as yet undetermined 
constituents in that fraction of this Mid-Continent 
crude; and, 2, to outline a general systematic method 
for separating the naphtha fraction of any crude 
petroleum into its major chemical constituents. 


21. Note on the freezing point of “itso-octane” (2,2,4-trimethylpentane). 
. H. Bruun and M. M. Hicks-Bruun. Bur. Standards J. Re- 
search, 9, 269-70 (1932); RP 469, 5 cents. 


22. The synthesis, purification, and certain physical constants of the 
normal hydrocarbons from pentane to dodecane, of m-amyl bro- 
mide and m-nonyl bromide. B. J. Mair. Bur. Standards J. 
Research, 9, 457-72 (1932); RP 482, 5 cents. 

23. “solation of the three xylenes from an Oklahoma petroleum. joo 
D. White and F. W. Rose, Jr. Bur. Standards J. Research, 
711-9 (1932); RP 501, 5 cents. 

24. A multi-range potentiometer and its onnmtiee to the measurement 
of small temperature differences. H. B. Brooks and A. 
a. Bur. Standards J. Research, 9, 781-98 (1932); RP 506, 

cents. 


25. 1,1-Dimethylcyclopentane and 2-methylhexane in a Mid-Continent 
petroleum. J. H. Bruun and Mildred M. Hicks-Bruun. Bur. 
Standards J. Research, 10, 465-73 (1933); RP 542, 5 cents. 


26. Purification of hydrocarbons by crystallization from liquid methane. 
Isolation of 2-methylheptane frem petroleum. R. T. Leslie. Bur. 
Standards J. Research, 10, 609-18 (1933); RP 552, 5 cents. 

27. ers of ethylbenzene from an Oklahoma petroleum. J. D. White 

F. W. Rose, Jr. Bur. Standards J. Research, 10, 639-45 
(1933); RP 554, 5 cents. 

28. Spectral differentiation of petroleum hydrocarbons. U. Liddel and 
Charles Kasper. Bur. Standards J. Research, 11, 599-618 (1933); 
RP 610, 15 cents. 


29. Fractionation of petroleum into its constituent vg > bts E. W. 
Washburn. Ind. Eng. Chem., 25, 891 (Aug. 1933). 

30. Note on an improved chain-packed distilling column. S. T. Schick- 
tanz. Bur. Standards J. Research, 11, 89-92 (1933); RP 579, 
5 cents. 

31. A simple calorimeter for heats of fusion. Data on the fusion of 
pseudocumene, mesitylene (q@ and 8), hemimellitene, o- an 
m-xylene, and on two transitions of hemimellitene. Frederick 
D. Rossini. Bur. Standards J. Research, 11, 553-9 (1933); RP 
607, 5 cents. 

32. The isolation of mesitylene, pseudocumene, and hemimellitene from 
an Oklahoma petroleum. B. J. Mair and Sylvester T. Schick- 
tanz. Bur. Standards J. Research, 11, 665-80 (1933); RP 614, 
5 cents. 


33. ae ag constituents of petroleum. A.P.I. Research Project 6. E. 
. Washburn. Proc. A.P.I., 14 (III) 111-22 (1933). 

34. A fractonating column with fritted glass plates. S. T. Schicktanz. 
Bur. Standards J. Research, 12, 259-61 (1934); RP 651, 5 cents. 

35. The critical solution temperatures of some hydrocarbons in sulfur 
dioxide. R. T. Leslie. J. Research Natl. Bur. Standards, 13, 
589-97 (1934); RP 728, 5 cents. 

36. The isolation of a sonaneabthens from an Oklahoma petroleum, J. 
D. White and F. W. , Jr. J. Research Natl. Bur. Stand- 
ards, 13, 799-810 (3934). "RP 745, 5 cents. 


37. An accurate ebullioscopic method for the determination of the maton 
ular weights of non-volatile petroleum fractions. . Mai 
J. Research Natl. Bur. Standards, 14, 345-57 (1935); RP 772, 
5 cents. 

38. An apparatus for measuring the boiling points of lubricating oils 
and other high-molecular-weight compounds, at reduced pres- 
sures. S. T. Schicktanz. J. Research Natl. Bur. Standards 
(1935). 

39. The separation of petroleum hydrocarbons with silica gel. A simple 
or for the quantitative removal of the aromatic components. 

J. Mair and J. D. White. J. Research Natl. Bur. Standards 
i93 5). 


40. The separation of a denateabendinbiontiin fraction from an Oklahoma 
petroleum. R. T. Leslie. J. Research Natl. Bur. Standards 
(1935). 

41. The isolation of ethylcyclohexane from an Oklahoma petroleum. F. 

. Rose, Jr., and J. D. White. J. Research Natl. Bur. Stand- 
ards (1935). 

42. A preliminary report on the chemical constitution of the gasoline 
fraction of a Mid-Continent petroleum based upon the isolation 
of identified compounds. R. T. Leslie and J. D. White. 
Research Natl. Bur. Standards (1935). 

43. Apparatus and methods for investigating the chemical constitution 

of lubricating oil. The preliminary amram of ee pay: 

ing-oil fraction of a Mid-Continent petroleum. Ss. 

Schicktanz, and F. W. Rose, Jr. J. Research Nath ‘io ’ Stand- 
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Lubricating Oil... 


A. P. I. RESEARCH PROJECT 6 


FREDERICK D. ROSSINI 


National Bureau of Standards, 
Washington, D. C. 


HE petroleum industry is closely allied with the 

business of automotive power and transportation; 
since petroleum furnishes not only the fuel for operating 
the engine, but also the oil for lubrication. Because of 
this dual utility of petroleum, the petroleum industry 
has had a double interest in the developments which 
have led to that product of modern technology, the pres- 
ent-day automobile. In addition to providing a fuel that 
will satisfactorily operate this machine, the industry 
must prepare an oil that will maintain a lubricating film 
between the extremely close fitting and very fast moving 
parts of this high powered engine. 

The properties that characterize a good lubricating 
oil have been summarized many times, and include: 
oiliness or lubricity, resistance to decomposition and 
oxidation, small change of viscosity with temperature, 
and ability to flow freely in cold weather. In the past 
decade or so the industry has learned to treat the 
lubricating oil stock in various ways to enhance the 
value of the product with respect to any or all of the 
foregoing properties, as well as others; and the prog- 
ress which has been made along these lines has been 
extraordinary when one considers that the refiner is 
dealing with a material whose actual chemical consti- 
tution is not known. The very fact of this progress, 
in the face of a lack of knowledge of the chemical 
constituents of the oil, presages the possible advances 
which the industry may make when something definite 
is learned about the chemical constitution of lubricat- 
ing oil. 

The extent of our present actual knowledge of what 
is lubricating oil may be summed up in the statement 
that from it not one pure, definite chemical compound 
has ever been isolated. 

This does not mean, however, that nothing at all is 
known about lubricating oil. On the contrary, there 
has been amassed from various sources in the past 
30 years a great many empirical data on the properties 
and behavior of lubricating oils. But all this informa- 
tion has been obtained on the more or less complex 
mixtures of hydrocarbons of various types and sizes (or 
molecular weights) which have constituted the samples 
upon which the measurements were made. These data 
pertain to an aggregation of a variety of hydrocarbon 
molecules ; and, while careful analysis and interpretation 
of such data can yield some knowledge of the possible 
chemical constituents, no information is obtained as to 
the actual individual molecules present. Which is to say 
that the properties exhibited by a given mixture of three 





* Figures refer to bibliography at end of paper. 
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OME of the available knowledge concerning the 
chemical constitution of petroleum is briefly re- 
viewed. No definite, pure, individual hydrocarbon 
has ever been isolated from the lubricating-oil frac- 
tion of petroleum. The most effective means of 
separating the lubricating oil consists in the proper 
interlocking, combination, and variation of the 
physico-chemical fractionating methods of distilla- 
tion, crystallization, extraction, and adsorption. 
The work of Institute Research Project 6 on lu- 
bricating oil, now in progress about 1% years, is 
reviewed. The lubricating oil fraction of a Mid- 
Continent crude oil was dewaxed, extracted with 
sulfur dioxide, and treated with silica gel in order 
to obtain a stable “water-white” portion, which has 
been subjected to four stages of systematic distilla- 
tion. When this oil has been thoroughly fraction- 
ated with respect to size of molecules, fractionations 
with respect to type will be made, with the aim 
of obtaining closely-fractionated cuts containing 
hydrocarbons of like size and type. When this 
stage of separation is reached, the way will be made 
clear for the ultimate separation of pure hydro- 


carbons. 


Presented at Mid-Year Meeting, American Petro- 
leum Institute, Tulsa, May 15, 1935. Publication 
approved by the Director of the National Bureau 
of Standards, U. S. Department of Commerce. 

The author is indebted to M. R. Fenske and B. J. 
Mair for aid in preparing this paper. 








or more different hydrocarbons may be possessed by 
other mixtures containing some or all of the same hydro- 
carbons, but in other proportions. And the problem of 
making better lubricating oils for varied types of serv- 
ice should be simplified materially when there is avail- 
able a knowledge of practical methods for better separat- 
ing the mixture of hydrocarbons with respect to size 
and type of molecule. 

Judging from what is known about the actual con- 
stituents of the gasoline fraction of petroleum **,’ the 
hydrocarbon molecules which are in the lubricating oil 
fraction may be expected to be made up of the following 
groups, separately or in combination: paraffinic groups, 
straight or branched chains; naphthenic groups, satt 
rated rings (cyclopentane or cyclahexane nuclei, for 
example) ; and aromatic groups (benzene, naphthalene, 
etc., nuclei). And furthermore, the most likely combina- 
tions of these groups appear to be paraffinic-naphtheni¢ 
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and paraffinic-aromatic—although there is no reason to 
suppose that in large hydrocarbon molecules, as in the 
lubricating oil fraction, a paraffinic group could not have 
attached to it both a naphthenic and an aromatic group. 
The hydrocarbon molecules in the lubricating oil frac- 
ion are likely to be mostly of the following types: 

1. Paraffinic: Straight- or branched-chain saturated 
molecules having no ring structures. General formula, 
CoH one. 

2. Naphthenic: Molecules having one or more 
ingle, double, triple, etc., naphthenic-ring nuclei, with 
or without paraffinic side chains. General formula, 
CsHonto-2a, Where a is the number of closed rings. 

3. Aromatic: Molecules having one or more benzene, 
naphthalene, anthracene, etc., nuclei, with or without 
paraffinic side chains. General formula, C,H.n-.), where 
bis the number of closed rings. 


PRESENT KNOWLEDGE OF THE CHEMICAL 
CONSTITUTION OF LUBRICATING OIL 


The early investigators who attempted to solve the 
very complex problem of the nature of the chemical 
constituents of the heavy fractions of petroleum were 
handicapped not only by the lack of modern apparatus 
and methods for chemical and physical analysis, but 


also by a lack of proper combination of the processes . 


of fractionation. Their investigations consisted prin- 
cipally in determining the physical and chemical char- 
acteristics of more or less closely fractionated cuts of 
the lubricating oil stock. Because it appeared futile 
to attempt the separation of the oil into its actual 
chemical constituents, most of this work was concerned 
with the problem of obtaining, for these prepared 
fractions of lubricating oil, correlations between the 
physical and chemical properties on the one hand and 
the average chemical constitution on the other. 


It seems appropriate to summarize here briefly the 
nature and extent of some of the available information 
on the chemical constitution of lubricating oil.’, *, 

Pioneer studies on the elementary composition of 
the lubricating oil fraction of petroleum were made by 
Mabery,® who found that the high-boiling fractions of 
Pennsylvania, Canada, and California oils had empirical 
formulas ranging from C,H,, to about C,H,»-,, the pro- 
portion of hydrogen decreasing with rise in boiling 
point. More recently, Mabery’ attempted the fractiona- 
tion, by extraction with hot mixtures of ether and 
alcohol, of the hydrocarbons in various crude oil residua 
not volatile at 300 °C. and a pressure of 30 mm. mer- 
tury. In this work Mabery obtained some fractions 
very low in hydrogen, having empirical formulas of 
about CrHyn-29, He reported molecular weights as high 
as 1700. 

An extensive study of the lubricant fractions of a 
West Virginia petroleum was made by Smith,’ who 
subjected the topped, dewaxed, and steam-distilled crude 
al to successive extractions with acetone, and deter- 
mined the physical properties of the fractions obtained. 
smith found that the hydrocarbons poorer in hydrogen 
were more soluble, as were the hydrocarbons of lower 
molecular weight. The molecular weights varied from 
about 300 to 900, and the empirical formulas from 
CHn-. to C,H,n-,. From many data Smith concluded 
that a “study of the fractions . . . . does not disclose 
more than a suggestion as to the identity of the com- 
pounds of which these oils are composed,” and that 
consistency in the values of certain physical properties 
should assuredly not be construed as indicating that 
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individual compounds have been separated.” The work 
of this investigator emphasizes the complexity of the 
task confronting those who would separate the lubri- 
cating oil fraction into its constituent hydrocarbons. 

Kyropoulos® correlated the data on refractive indices 
with the molecular weights of hydrocarbons of different 
types: normal and tsoparaffins, naphthenes, and aro- 
matic hydrocarbons. A separate curve of refractive 
index against molecular weight was obtained for each 
type, so that a determination of these two properties 
for any given fraction of lubricating oil permitted 
classification of it with respect to average constitution. 
Examination of the data for certain Pennsylvania and 
other saturated hydrocarbon oils led this investigator 
to believe that these oils are composed largely of iso- 
paraffins. 

In order to have a method for easily classifying oils 
with respect to type, ranging from Pennsylvania oils 
on the one hand to Gulf Coast oils on the other, Hill 
and Coates*® investigated the relation between the vis- 
cosity and density of various oils. They were able to 
compute, from the values for viscosity and specific 
gravity of a given oil, a quantity called the “viscosity- 
gravity constant,’ whose value did not vary appreciably 
for oils of the same type, but did vary considerably 
for oils of different types. The value of the viscosity- 
gravity constant varies from about 0.80 for oils of the 
Pennsylvania type to about 0.90 for oils of the Gulf 
Coast type, and is extremely useful in spotting frac- 
tionation with respect to type of components. 


In a somewhat similar endeavor, Dean and Davis" 
correlated the properties of viscosity and change of 
viscosity with temperature for various oils. They com- 
puted a quantity, called the “viscosity index,” whose ' 
value was almost the same for oils of the same type 
(or for fractions of the same oil separated only by 
distillation) but varied considerably for oils of dif- 
ferent types. The value of the viscosity index was set 
at about 100 for oils of the Pennsylvania type, and 
about O for unprocessed oils of the Gulf Coast type. 

Utilizing the available data on the densities of pure 
hydrocarbons (of lower molecular weight than those 
to be expected in the lubricating oil fraction of petro- 
leum) Davis and McAllister*? obtained smooth relation- 
ships between molecular volume and molecular weight 
for each type or series of hydrocarbons, and between 
molecular volumes and the number of naphthene rings 
in the molecule. They deduced an equation which per- 
mitted calculation, for any aromatic-free oil, of the 
percentage of the total number of the carbon atoms 
that are in naphthene rings—given the molecular 
weight and specific gravity—and checked this on various 
fractions of lubricating oil by determination also of the 
average molecular formula, These investigators found, 
as has Fenske,” that the viscosity index of aromatic- 
free oils decreases, in general, with decrease in the 
value of x in the average molecular formula C,H ons. 

McCluer and Fenske’ desired to obtain an index 
involving viscosity and specific gravity, which would 
yield values numerically equal to the viscosity index. 
Accordingly, they devised the “gravity index,” obtained 
from the relation between the viscosity-gravity constant 
and the viscosity index, and showed that for various 
mineral lubricating oils their gravity indices had values 
practically equal to the viscosity indices. But they 
found also that this identity between gravity index and 
viscosity index no longer existed in the case of synthetic 
lubricating oils made by polymerization of olefin hydro- 
carbons. This circumstance points to some constitu- 
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TABLE 1 


Properties of Some Synthetic High-Molecular-Weight Hydrocarbons 


(Values of kinematic viscosity interpolated from original data, using Cragoe’s equation) 
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. tional difference between these synthetic oils and the 
natural ones. 

In.a similar manner, other indices, such as the 
“boiling-point index” and the “optical index,” have 
been devised in order to correlate the properties of 
oils with respect to their constitutional types.*® 

When a crude oil is fractionated with respect to size 
of molecules, as by distillation, the values of the various 
indices of viscosity, gravity, etc., are practically the 
same for all fractions; but, when the fractionation is 
made with respect to type, appreciable differences in 
the values of the indices will appear. One of the 
important uses of such indices, or other similar cor- 
relations, then lies in their indication, especially in 
combination with one another, of a fractionation by 
type of molecule. 


PURE HYDROCARBONS OF HIGH 
MOLECULAR WEIGHT 

There have appeared in the literature in the past 
several years accounts of the synthesis and properties 
of some hydrocarbons of the sizes and types that may 
be expected to be in the lubricating oil fraction of 
petroleum.**, *, ** Table 1 lists a number of these hydro- 
carbons with their properties.* It is extremely interest- 
ing to note how the temperature coefficient of viscosity 
and the density, calculated in the form of the viscosity 
index and the viscosity-gravity constant or the gravity 
index, change with the structure of the molecule. One 
of the striking conclusions is that these relations are 
qualitatively in good agreement with the pre-conceived 
ideas developed from the study of lubricating oil frac- 
tions. 

For the hydro¢arbons in Table 1 the viscosity index 
is highest for the isoparaffin, being about 150; decreases 
to about 100 as two cyclohexyl groups are made part 


“These data were assembled by B. J. Mair. 


of the molecule, producing a two-ring naphthene; re- 
mains almost unchanged as these saturated rings are 
dehydrogenated to form two phenyl groups, producing 
a two-ring aromatic hydrocarbon; and then decreases 
very sharply to low values with increasing condensa- 
tion of the molecule in the form of aromatic rings 
joined through two carbons atoms, as in the naphthalene 
and anthracene nuclei. For those hydrocarbons, with 
about the same number of carbon atoms in the molecule, 
there seems to be, in general, an increase in the values 
of both density and refractive index as the value ot 
the viscosity index decreases. There is qualitative 
agreement between these data and the relation found 
by Davis and McAllister,1* and confirmed by Fenske,” 
that the viscosity index of aromatic-free oils decreases, 
in general, with decrease in the value of 4 in. the 
molecular formula C,H... A somewhat unexpected 
circumstance shown by Table 1 is the relatively small 
change in viscosity index produced by replacing, in 4 
given molecule, two single naphthene rings by two 
single aromatic rings (compare the second and fourth 
and the third and fifth compounds.) 

It would seem very desirable for the petroleum 1- 
dustry to encourage investigators in university and 
other scientific research laboratories to synthesize pure 
hydrocarbons of high molecular weight and to determme 
the physical constants of these substances. Such data, 
now extremely rare, will be of incalculable aid m 
identifying the pure hydrocarbons which it is hoped will 
be isolated from the lubricating oil fraction of petro 
leum. 


PHYSICO-CHEMICAL METHODS OF 
FRACTIONATION 
The work Institute Research Project 6 on the resolu- 
tion of the naphtha fraction of petroleum into its majo 
hydrocarbon constituents has demonstrated the prac 
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FIGURE 1 


Fractionating Column for Distilling Lubricating 
Oil in Vacuum 


A, bulb serving as a condenser; B, conduit to receiver 
and high-vacuum system; C, fractionating column with 
topper spiral; D, electrically-heated jacket; E, still pot; 
?, liquid-air trap; 6G, H, stopcocks permitting withdrawal 
of sample without breaking vacuum in still; I, tube for 
mtreducing charge. 


tcability and usefulness of four physico-chemical frac- 
lionating tools: distillation, crystallization, extraction, 
and adsorption. It has been found that the most ef- 
lective system of separation consists in the proper inter- 
locking of these methods and the appropriate variation 
and combination of them to suit the particular fraction 
under investigation. 

In the investigation of the lubricating oil fraction 
these same methods of fractionation are being used with 
gratifying success—although they are, of course, carried 
out under conditions widely,different from those em- 
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ployed in fractionating the naphtha fraction because 
of the greatly different size and increased complexity 
of the molecules. The hydrocarbons in the lubricating 
oil fraction contain, on the average, about four or five 
times as many atoms per molecule as those in the 
gasoline fraction;.and the number of possible isomers 
of triacontane, C,,H,,, is about four billion, which is to 
be compared with 18 possible isomers of octane, C,H,,. 

As has already been pointed out, the petroleum in- 
dustry has been using these same processes of distilla- 
tion, crystallization, extraction, and adsorption—in some 
form or another—for many years; and practically all 
the lubricating oil that is produced today is derived 
by a combination of at least three of these four methods 
of fractionation. The novelty that has been introduced 
into these fundamental principles and methods of frac- 
tionation by the work of Institute Research Project 
6, and others whose aim is the separation of petroleum 
into constituents, has been to refine, adapt, and vary 
them to solve particular problems more effectively. 

The following is a brief description of these frac- 
tionating methods as applied to the lubricating oil frac- 
tion of petroleum by Institute Research Project 6. 


DISTILLATION 


Fractional distillation appears to be the most useful 
and practical means for separating any complex mix- 
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FIGURE 2 
Molecular Still for Lubricating Oil. 
A, tube for introducing charge; B, condensing surface; 
CQ, annulus for collecting condensate; D, conduit to receiver; 
E, still pot. 
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FIGURE 3 


Column Molecular 


Still. 


A, ground-glass top- 
per; B, deKhotinsky 
cement seal; C, de- 
gassing flask; D, 
heating element; E, 
connection to the 
high-vacuum system; 
F, heating element; 
G, condenser; dH, 
glass-enclosed iron 
plunger; I, solenoid; 
J, ground-glass seat; 
K, glass ball; L, 
heater tube; M, con- 
densing surface; N, 
annular gutter; QO, 
dripper; P, receiver; 
Q, litharge - glycerin 
seal; R, thermo- 
element leads; _ S, 
kerosene boiler 
flask; T, heating 
element. 








TABLE 2 


Properties of Fractions Resulting from Distillation of , 
Charge of “Water White” Oil in the Column Molecular 
still (Shown in Figure 3) 











Kinematic Viscosity |Refractive| Temp. 
Index of Section 
Weight 100 °F. 210 °F. ns of Still 
Fraction (Grams) | (Stokes) | (Stokes) ad (Deg. C.) 
Ovisinel. ....... 900 1.134 0.1096 1.4861 + hn 
OE hag RRR ere 219 0.650 0.0747 1.4840 214 
eas g°0 55 202 0.966 0.0967 1.4852 214 
oc e ati euare dame 150 1.321 0.1171 1.4860 214 
Re eae wore 117 1.650 0.1351 1.4867 218 
Minds creas ade 84 1.987 0.1537 1.4875 228 
Residue......... 127 3.067 0.2165 1.4901 oom 




















ture of hydrocarbons according to size of molecule, 
because there is a general rise in boiling point at a 
given pressure (or decrease in vapor press:.re at a given 
temperature) of hydrocarbons as the size or molecular 
weight increases. There seems to be no limit to the 
refinements and efficiencies that are possible with dis- 
tillation processes as long as there exist any practical 
differences in the volatility of the various components, 
It is well known that prolonged heating of oils above 
300 °C. may produce cracking or decomposition of 
the molecules, and for that reason a temperature of 250 
to 260 °C. has been set as the maximum to which the 
lubricating oil fractions in the work of this project may 
be subjected. This necessitates carrying out the dis- 
tillation at greatly reduced pressures. Two types of 
stills are in use on this project: a, fractionating columns 
for the lower-boiling portion of the oil; and, b, molecu- 
lar stills for the higher-boiling portion. 


Figure 1 shows a sketch of a fractionating col- 
umn”, of standard type, used for the lighter portion 
of the lubricating oil. The only packing in it is a 
spiral of No. 8 (B. & S. gage) copper wire fitted 
closely to the inner wall of the column. The tempera- 
ture in the pot is kept below 260 °C.; the temperature 
of the oil in the head of the distilling column ranges 
from about 160 to 190 °C.; and the external pressure 
is maintained at about 10 mm. mercury. 

Figure 2 shows a sketch of a simple molecular 
still?’ used for the higher-boiling portions of the lu- 
bricating oil. These stills have diameters up to five- 
inch, capacities up to 1.5 liters, and are operated 
with an external pressure of about 10 mm. mercury. 
The distillate condenses on the surface B, collects in 
the annular ring C, and flows into the receiver 
through D. Samples are collected without breaking 
the vacuum. 

Figure 3 shows a column molecular still?° used for 
the heavier oil fractions. The pressure external to 
the distilling zone is maintained at about 10% mm. 
mercury. The charge is placed into C, where it 1s 
pre-heated and completely evacuated, and the oil 1s 
then permitted to flow at an approximate rate 
through the magnetically controlled valve H to the 

















TABLE 3 
Extraction, with Acetone, of a “Water white” Distillation Fraction 
KINEMATIC SAYBOLT UNIVERSAL 
Refssisthve VISCOSITY VISCOSITY 
Weight —— 100° F. 210° F. 100° F. 210° F. | Viscosity 
(Percent) D (Stokes) (Stokes) (Seconds) (Seconds) Index 
OSS NS EE ae 6 ay Te aie ee a 00 1.4728 0.3693 0.0546 175.8 44.3 93 
OETA STI ge” 5) 25 ES i REO eae aR 12.17 1.4764 0.4174 0.0582 198.2 45.4 87 
1S ST SRS ae Se apant > ape a 12.42 1.4746 0.4027 0.0578 191.3 45.3 93 
oe oe IIE, RS i lah tee We! 27.85 1.4722 0.3766 0.0557 179.2 44.6 94 
PREP WO. «4 FA SITE ee ieee 27.51 1.4705 0.3596 0.0548 171.2 44.3 97 
NN EN et et Edin sche, ola died ae Lois eins 20.05 1.4682 0.3343 0.0546 159.7 44.3 111 
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TABLE 4 
= a Adsorption, with Silica Gel, of a ““Water White” Distillation Fraction 
wal (100 ml. oil plus 150 ml. petroleum ether passed through a column containing 150 g. silica gel. at room temperature) 
Beg KINEMATIC SA YBOLT UNIVERSAL 
=~ ae te VISCOSITY VISCOSITY 
> ndex 
Still Weight ns 100° F. 210° F. 100° F. 210°F. | Viscosity 
8. C.) (Grams) D (Stokes) (Stokes) (Seconds) (Seconds) Index 
a ES RS RE SR BRST Ga. Ste te Ee 1.4734 0.3917 0.0577 186.3 45.2 95 
4 EINES 6K c's Seieaec ages ek Genk shawive even 15.65 1.4702 0.3565 0.0564 169.8 44.8 107 
4 NE IND. Pens 0 ai orth csdandvey bent Ptchas coven en time 11.60 1.4717 0.3823 0.0569 181.8 45.0 98 
14 NE Os bi5 5 55 OS Pipaceay fic Cody 9 woot neh as 1 ee Ra 13.44 1.4718 0.3868 0.0571 183.9 45.0 96 
18 ts NMNNONS ics 3 24 sacs 32 Dad ae Peni gnse seh aveb one 13.73 1.4718 0.3862 0.0572 183.6 45.1 97 
28 MMR S66 ono Soha gs ee Tien eho 6i<s> sont Peeagehes 10.47 1.4720 0.3871 0.0573 184.0 45.1 97 
4 EL RE OEY SRS TERRI tg 55 13.29 1.4819 0.4732 0.0622 224 46.7 
ecule. @ outer surface of the cylindrical tube L, which is the work crystalliza' on from a solvent was used to effect 
at , @ ¢vaporating area. The oil condenses on the surface a separation of the “wax” from the original crude oil,”° 
civen M, collects in the annular rings N, and flows into the and subsequently it will be used on a smaller scale to 
cular receiver P. The tube L, which is packed with jack fractionate the cuts obtained by systematic distillation. 
é the chain, is sealed to the flask S, which contains kero- 
1 dis. @ seme whose boiling temperature (200 to 250 °C.) is EXTRACTION 
clits] controlled bY the pressure. The temperature drop Fractionation by extraction is a method being de- 
nents, @ (about 15 °C.) from top to bottom of the evaporating veloped very extensively by the industry for processing 
above q Surface is controlled by regulating the composition  |ybricating oil, because that method has particular ad- 
n of @ 0 the kerosene. Table 2 shows the data obtained vantages for fractionating lubricating oil stock. Whereas 
£25) § im fractionating in this still a charge of “water white” distillation separates with respect to size of molecule or 
hth @ Ol T he viscosity indices of the fractions obtained molecular weight, extraction can, by means of appropri- 
| mav @ Were practically unchanged from that of. the original ate solvents, be used to separate with respect to both size 
» dis @ charge. and type of molecule—although it is usually most effec- 
es of CRYSTALLIZATION tive in separation by type. In the work on Institute 
lumns The process of fractional crystallization operates by Project 6 extraction with sulfur dioxide was used to 
jlecu- | virtue of differences in the composition of the liquid fractionate the original crude oil, and extraction with 
and solid phases, just as fractional distillation is .de- appropriate solvents will be used in fractionating the 
- col. § Pendent for its operation upon differences in the com- cuts obtained by systematic distillation. Table 3 shows 
‘ttion  PoSition of the liquid and vapor phases. The principle of the separation obtained by extracting with acetone a 
ig q the crystallization process has for many years been in fraction of “water white” lubricating oil.” 
fitted jg Common use in the petroleum industry in the dewaxing 
I For. hauid . lubricati ‘Is frac- ADSORPTION 
pera- fy Process. For liquids as viscous as lubricating oils frac 
ature @ Uonation by simple refrigeration is not very efficient, Fractionation by adsorption depends upon differences 
anges and is sometimes impossible—and crystallization from in the selectivity of the solid absorbent for the various 
sure @ Solvents must be used. In addition to having a low components, and is primarily a separation with respect 
5 solubility for the desired hydrocarbon at the freezing to type of molecule. This method of fractionation has 
cular § ‘™perature and an appreciably greater solubility at a been used by the industry for many years in treating 
fe lu. @ =Migher temperature, an appropriate solvent provides crude oils with clay or fuller’s earth. In the work of 
“five. | the proper fluidity for the system so that the wanted this project adsorption with silica gel has been used 
rated | ‘tystals have a good chance to form. In the present on the dewaxed and sulfur-dioxide-extracted crude oil 
‘cury. 
pred TABLE 6 
-eiver Physical Properties of Original Oil, Wax, Sulfur-Dioxide Extract, and “Water White” Oil 
aking BS 
Original Oil Wax Sulfur-Dioxide Extract ““Waterwhite Oil’’ 
¢ Kinematic Kinematic Kinematic Kinematic 
-d for Viscosity Density Viscosity Density Viscosity Density Viscosity Density 
al to 
= - be - oe = 
rg ; ag| ag ag| ag ae| ay ae} ae] Sa]. 
> it Is $| .@ 2 .2 .2 ge .2 3 8 2 2 2 2 8 3 3 2 = 2 
oil is BZ] £4 | £2 | S85] S85) &f | &h | SGS) See) ck | ed | cbs) cbs | ed | of | GS) SG) gy | SE 
nf » ° ° = = ° c = = c (-} = = = i) = = 
te 6] 2 | 2% | SOF] S05) Bo | Sa | SOS! S0S| $4 | Sa | SOF) SOE | Sa | Sa | SOS| S05] FE | so 
‘o the 
23 | 0.094 | 0.0460] 0.854 | 0.835 | 0.0615] 0.0330| 0.783 | 0.761 | 1.89 | 0.0807 | 0.989 | 0.948 | 
241 0.103 | 0.0452] 0.856 | 0.836 | 0.0705] 0.0354| 0.794 | 0.773 | 1.72 | 0.0828 | 0.987 | 0.963{ | 0.214 | 0.0422| 0.849 | 0.804] 1.4684] 3,134 
2%] 0.113 | 0. 0.858 | 0.837 | 0.0735} 0.0379| 0.799 | 0.779 | 2.60 | 0.0915 | 0.983 | 0.950 | 
0.119 | 0.0523] 0.859 | 0.839 | 0.0825] 0.0400] 0.800 | 0.780] 2.72 | 0.0942 | 0.983 | 0.956{ | 0.257 | 0.0465] 0.847 | 0.802 | 1.4704] 2,512 
27 | 0.128 | 0.0536] 0.860 | 0.840 | 0.0822} 0.0410] 0.800 | 0.781] 4.12| 0.113 | 0.992 | 0.958 
___ @ | 0.138 | 0.0575) 0.862 | 0.842 | 0.0893] 0.0473) 0.805 | 0.784] 4.57 | 0.125 | 0.991 | 0.955 / | 0.300 | 0.0498] 0.850 | 0.809 | 1.4709} 2,944 
——= § | 0.138 | 0.0583} 0.863 | 0.843 | 0.0902] 0.0518] 0.805 | 0.786 | 6.79 | 0.137 | 1.013 | 0.982 
30] 0.143 | 0.0588] 0.859 | 0.839 | 0.0925] 0.0457| 0.804 | 0.783 | 3.37 | 0.118 | 0.971 | 0.932 f | 0.328 | 0.0547] 0.850 | 0.821} 1.4733] 2,189 
31 | 0.176 | 0.0687] 0.865 | 0.844 | 0.104 | 0.0498| 0.813 | 0.792] 191 | 0.359 
82 | 0.213 | 0.0828] 0.870 | 0.850 | 0.118 | 0.0555| 0.812 | 0.792] ......| ..... 1.067 | 0.990 | 0.409 | 0.0604| 0.857 | 0.831 | 1.4739] 2,214 
cosity 3] 0.256 | 0.104 | 0.873 | 0.856 | 0.131 | 0.0777] 0.819 | 0.799 | 28.5 "| 0.268 
ndex $41 0.311 | 0.108 | 0.877 | 0.857 | 0.173 | 0.0736] 0.826 | 0.806] ..-...| ..... 0.993 | 0.950 | 0.591 | 0.0785] 0.856 | 0.819 | 1.4743] 1,608 
ee Mm | 0.529 | 0.114 | 0.879 | 0.859 | 0.187 | 0.0785] 0.829 | 0.810} 64.7 | 0.383 
93 36 | 0.446 | 0.146 | 0.884 | 0.865] ...... 0835]....... “Bape pee 1.007 | 0.960 | 0.757 | 0.0882] 0.860 | 0.825] 1.4771] 958 
37 37 | 0.557 | 0.160 | 0.886 | 0.867 |... 0976). ...... 0.817 | 384 || 0.712 
4 0.648 | 0.187 | 0.891 | 0.870]... . 0.1102}. 22... 17 8 ace Benge, 1.032 | 0.970 | 0.824 | 0.0952] 0.862 | 0.825 | 1.4772] 505 
94 23-28 2.80 | 0.122° | 0.972 | 6.955 | 0.605 | 0.0715] 0.878 | 0.841 | 1.4909] 1,423 
on From silica gel hold-up points { 29-32 6.60 | 0.187 | 0.967 | 0.936 | 0.584 | 0.0769] 0.866 | 0.826 | 1.4815) ‘595 
i ‘ (See text and Fig. 4.) —_| 33-38 8.78 | 0.255 | 0.949] 0.912 | 1.13 | 0.1096] 0.873 | 0.845 | 1.48611 1,693 
| Total wax==20.25 kg. Total extract=17.93 kg. Total ‘‘waterwhite”’ oil=1978. kg. 
—— 
— 
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TABLE 5 


Physical Data on the Lubricating Fractions of Crude 
from South Ponca Field, Kay County, Oklahoma 








Wax 
Distillate | Residuum 

NI GE UNO od. . Sa siawista sone sc dlews 18.1 10.2 
Gravity, tae cn behing ts ok ss mwebie 29.4 18.1 
a RG ERE RC ee ee Re 325 545 
RSET SS FS CRS nee 390 620 
be x 5 Saybolt seconds at: one 

eS Sear en ake pea a 207 
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in order to obtain a “water white” fraction. Silica gel 
has been found to be very effective in removing aro- 
matic constituents from the naphtha fraction,’ and it is 
believed that this adsorbent will be useful in fractionat- 
ing the cuts obtained from the systematic distillation of 
the lubricating oil. Table 4 shows the results obtained 
by subjecting a sample of “water white” oil to ad- 
sorption with silica gel.”° 


PRELIMINARY FRACTIONATION OF A 
MID-CONTINENT OIL 


The actual fractionation of the lubricating oil portion 
of a Mid-Continent petroleum was begun by Institute 
Research Project 6 about January, 1934, and a report 
of the results obtained to date have been completed by 
Mair, Schicktanz, and Rose.”° 

The physical data on the wax distillate and residuum 
of the original crude oil’ are given in Table 5. The 
oil was distilled in vacuo by Sun Oil Company, and 
then shipped to the National Bureau of Standards in 
tightly-sealed metal containers, in an atmosphere of 
nitrogen. Sixteen of these fractions (designated as 
cuts 23 to 38) with a total weight of about 67 kg. and 
representing about 9.6 percent of the crude oil, were 
selected for the primary study. These fractions were 
dewaxed, extracted with sulfur dioxide, and treated 
with silica gel in order to obtain, for first investigation, 
a “water white” portion which was free of wax, sulfur 
compounds, and asphaltic and resinous substances. 





SO, immiscible 
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Cuts 25-26 
Woter White Silico ge! | filtration Silico Gel 
oil | “Hold-Up 
immiscible SO, Exitraction Extrect 
ni® . 1.4775 n2° + 1.5560 
Silice Gel 
Weter White Sitico gel |tiltrotion Hold- Up 
oi n§® «1.492! 
ae with similor moterial 
from cuts 23-24 ond 27-28 ond 
treated further 


Interlocking Scheme of Separation by Extraction 
and Adsorption. 


Table 6 summarizes the data on the original cuts, 
the wax, the sulfur-dioxide extract, and the “water 
white” oil. The values of the viscosity indices for the 
various fractions ranged as follows: original oil, about 
75 to 90; wax, about 125 to 150; sulfur-dioxide extract, 
about —150 to —300; “water white” oil, about 100 to 
120. The wax was removed by using ethylene chloride 
as a solvent and chilling to —18 °C. The extract was 
obtained by using sulfur dioxide in batch extractions. 
In order to remove the remaining sulfur compounds 
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LUBRICATING OIL DISTILLATION 
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FIGURE 5 


Chart Showing the Result of Four Stages of Systematic 
Distillation of the Lower-Boiling “Water White’ Oil. 


and the asphaltic and resinous materials, and to obtain 
a stable “water white” oil, the oil was treated with 
silica gel after dewaxing and extracting. The data 
shown in Table 7 indicate that the silica gel as used in 


WATER WHITE LUBRICATING OIL 


FOURTH SYSTEMATIC DISTILLATION 
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KINEMATIC VISCOSITY IN CENTISTOKES @ 100°F 
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FIGURE 6 


Relation between viscosity and boiling point at a given pres 

sure (and vapor pressure at a given temperature) for 

middle cut of each of the seven charges of the fourth stage 

of the distillation of the lower-boiling “water white” oil 
(see Figure 5). 
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TABLE 7 


Nature of Adsorption with Silica Gel 
(“Water white” oil passed through 102 g. silica gel at 90 to 100 °C.) 




















































































































. DENSITY KINEMATIC 
: VISCOSITY 
: Refractive 150° F. 210° F. 
Ss Weight Index _ | (Grams per | (Grams 150° F. 210° F. 
u MATERIAL (Grams) Ma) Milliliter) | Milliliter) (Stokes) (Stokes) 
Seth i guns sds Vc tyiy bas Feed ewe de Fh eanllis Wa on aay be REO oe 311.58 1.4710 0.846 0.824 0.1360 0.05654 
C THR GENER SENSI SEN Re Ae BRET EEL 246.44 1.4663 0.838 0.815 0.1245 0.0540 
3 ARMM Cade ks scrvcad¥s dogs Gh oaas ons cvcnaeedeaceteie raed 64.83 1.4899 0.875 0.851 0.1710 0.0653 
2 Re-combination of filtrate with adsorbed material....................00008 311.27 1.4710 0.846 0.825 0.1361 0.05657 
these experiments did not crack nor polymerize the 
. hydrocarbons. Figure 4 illustrates the interlocking 
° process used at this stage in order to obtain the maxi- 
. mum amount of “water white” oil. 
; The “water white” oil was then fractionally dis- 
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FIGURE 7 
Plot of the logarithm of the viscosity at 210°F. against that 
at 100°F. for different fractions from various stages of the 
“ systematic distillation of the “‘water white” oil. The numbers 
3 represent the values computed for the hydrocarbons 
10 = listed above. 
® 
3 tilled, the more volatile portion in the column shown in 
0 0 Figure 1, and the less volatile portion in the stills shown 
- in Figures 2 and 3. The results of the systematic distilla- FIGURE 8 
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tion of the lighter portion of the “water white” oil 
through four stages are shown in Figure 5. Because it 
was more convenient to measure the viscosities of the 
cuts obtained from the still than their true boiling 
points, and since it was found that there was a satisfac- 
tory relation between viscosities and true boiling points 
of these cuts, the re-blending up to this stage was done 
on the basis of viscosity. Figure 6 shows the relation 
between the viscosity at 100 °F. and the boiling point 
at 1 mm. mercury (and the vapor pressure at 200 °C.) 
lor the middle cuts from each of the seven charges in 
the fourth stage of the systematic distillation Figure 5. 


Sketch of Apparatus for Measuring the Boiling Points of 
Lubricating Oils at Reduced Pressures. 


A, thermo-element leads; B, 3-liter ballast flask; B’, 
ground joint; C, thermo-elements; D, perforated glass- 
tube; E, vacuum jacket; E’, glass-enclosed iron rod; F, 
electromagnets; G, internal stirrer; H, heater box; I, heat- 
ing element; J, iron frame; K, connection to Mc gage; 
L, connection to nitrogen flask; M, three-way stopcock; N, 
measuring bulb; O, trap; P, 2-liter flask filled with dry pure 
nitrogen; Q, stopcock between the pumping system and the 
boiling-point apparatus; R, and U, tungsten seals; S and S’, 
capillary tubes of McLeod gage; T, galvanometer; U’, Mc- 
Leod gage; V, discontinuous brass ring; W, rotor; X, com- 
mutator; Y, variable-speed motor. 


TABLE 8 


Relation of Boiling Point to Refractive Index, Viscosity, and Temperature Coefficient of Viscosity, for Two Samples of 
“Water White” Oil 







































mtggrm [_semwnercnery Tee 
res 00° F. 5 at 1mm. 

yf the J — SAMPLE np (Stokes) (Stokes) | Mercury) (° C.) 
stage i Original ‘water white” abetonting Os wie penis v0 com dnd e's ds gene eat aberseswees 1.4733 0.3283 0.0547 198 

>”? gil Tenth (middle) fraction obtained from distillation of J...............e¢e-eeeueee 1.4733 0.3279 0.0518 230.5 
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FIGURE 9 


Vapor-Pressure Curves of Two Water White Lubricating 
Oil Samples (see Table 8). 


Figure 7 shows a plot of the logarithm of the viscos- 
ity at 210 °F. against that at 100 °F. for many dif- 
ferent cuts from the various stages of the systematic 
distillation. This plot indicates that the fractionation 
was being made, as expected, on the basis of size of 
molecules rather than type. The numbers on this plot 
show the values for seven of the synthetic hydrocarbons 
listed in Table 1, and give some indication of the 
average chemical constitution of the “water white” 
lubricating oil. 


PHYSICAL CONSTANTS 

For the proper control of the processes of fractiona- 
tion, and for the identification of closely-fractionated 
cuts and of the ultimate hydrocarbons, measurements 
of density, refractive index, carbon-hydrogen ratio, 
boiling point, viscosity, and molecular weight are needed. 
For making the three last-named measurements the 
special apparatus shown in Figure 8 has been assembled. 


BOILING POINT 

The apparatus ** shown in Figure 8 is used to meas- 
ure the boiling point at pressures near 1 to 2 mm. mer- 
cury. Such measurements are needed for the proper 
blending of cuts in the systematic distillation. Table 
8 shows the differences which may exist in the boiling 
points of fractions which have about the same values 
of refractive index, viscosity, and change of viscosity 
with temperature. This same apparatus permits investi- 
gation, to a certain extent, of the purity of various cuts 
with respect to components of different volatility. Fig- 
ure 9 illustrates such data. 


VISCOSITY 

Figure 10 shows a sketch of one of the pipettes*° used 
to determine the viscosity of these oils in fundamental 
units of kinematic viscosity, with an accuracy of about 
+ 1 percent and a precision of about +0.2 percent. It 
is also possible to determine the density at the tem- 
peratures at which the viscosity measurements were 
made, usually 100 °F. and 210 °F.; so that, if neces- 
sary, the absolute viscosity can be computed. 


MOLECULAR WEIGHT 

The molecular weight of the various oil fractions 
can be determined with the apparatus ** shown in Figure 
11. The determination consists in measuring directly 
the difference in boiling point of a pure solvent (ben- 
zene, for example) and that of a sample of the same 
solvent to which has been added a weighed amount of 
the non-volatile oil. This ebullioscopic method of boil- 


ing-point elevation gives in this apparatus values of 
molecular weight accurate to within + 1 percent. Fig- 
ure 12 shows some results obtained on a “water white” 
oil and an “extract” oil. The true values are those 
given by the extrapolation to zero concentration. Es- 
pecially for substances of the nature of lubricating oils, 
the ebullioscopic method of determining molecular 
weights possesses certain inherent advantages over the 
cryoscopic method of freezing-point lowering. 
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FIGURE 10 
Viscosity Pipette. 


A, stopcock; B, etched mark for density determination; 
C, E, etched marks for viscosity determinations; D, bulb, 
volume about 5 cc.; F, capillary; G, glass protecting com 
with rubber stopper. The oil bath is controlled to = 0.05 F. 
and the air bath to + 2°F. 
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CONCLUSION 

Although no definite, pure, individual hydrocarbons 
have ever been isolated from the lubricating oil fraction 
of petroleum, the information which has accumulated 
from the work of all the investigators in this field 
indicates that the hydrocarbon constituents of the better 
or more highly refined lubricating oils may include: 
1, naphthenes (saturated cyclic) having one or two 
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FIGURE 11 
Ebullioscopic Apparatus for Determining Molecular 
Weights of Lubricating Oil Fractions. 

A, condenser; B, tube for introduction of liquid solutes; 
C, tungsten leads; D, ground-glass joint; E, thermo-element 
well; F, sheath to protect thermocouple from cold liquid 
from condenser; G, bell of pumping apparatus; H, - re- 
sistance heating coil. " 
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“WATER WHITE” OIL 


EXTRACT. 


MOLECULAR WEIGHT 





° 0.4 0.8 L2 L6 2.0 24 28 
APPARENT CONCENTRATION 100(x- 4™/« 
FIGURE 12 


Results of Determinations of Molecuiar Weights of a 
“Water White” Oil and an “Extract” Oil 


I, II, UI, molecular-weight results in n-heptane, 2,2,4- 
trimethylpentane and benzene, respectively. The true molec- 
ular weight is given by the intercept at zero concentration. 


rings per molecule and long branched side chains; and, 
possibly, 2, branched-chain paraffins. 

Just as in the case of the naphtha fraction,’ the 
most effective separation of the lubricating oil will 
result from the proper interlocking, combination, and 
variation of the different methods of fractionation. The 
first objective of the work of Institute Research Project 
6 on the lubricating oil fraction is to separate the oil 
into close cuts containing molecules of about the same 
size (or molecular weight or boiling point), and then 
to subject these cuts to fractionation with respect to 
type—obtaining fractions which will contain molecules 
of the same type and size. These isolated fractions 
will then be identified with respect to size and type of 
molecule. Once the separation reaches this stage, the 
way will be made clear for the ultimate separation of 
pure hydrocarbons. 


The knowledge obtained by the project in this work, 
particularly with regard to the practical separation of 
the oil into fractions differing both in size and type of 
molecule, should be of considerable benefit to the in- 
dustry, which is today vitally concerned with the prob- 
lem of separating the “good” molecules from the “bad” 
in the process of making superior lubricating oil from 
ordinary crude stock. 
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HE methods and apparatus for the laboratory 

evaluation of crude petroleum which have been 
proposed and used vary widely. Practically every 
laboratory interested in this type of work has either 
developed or modified some method to suit its own 
requirements and facilities, so that no standard or 
universal method of crude evaluation has been de- 
veloped within the industry. 

The American Society for Testing Materials’ 
Method of Test for Distillation of Crude Petroleum 
(D285-33) makes no pretense of giving more than 
very meager information concerning the products 
obtainable from crude oils. Of the other methods 
which have been proposed, the “true boiling-point” 
method developed by Beiswenger and Child,’ and the 
somewhat similar but more elaborate method devel- 
oped by Podbielniak* are undoubtedly outstanding. 
Either of these methods provides excellent data for 
designing or determining the efficiency of commer- 
cial distillation equipment, but they do not provide 
a sufficient quantity of distillate fractions to permit 
a thorough study of subsequent refining operations 
and quality of the products obtained. 

This paper briefly describes four distillation units 
which have been used over a period of three years 
for crude oil and pressure distillate evaluations. Ex- 
perience has also shown that they are adaptable to 
almost any type of research or development prob- 
lem involving separations by distillation. 


ATMOSPHERIC FRACTIONAL DISTILLATION 


Figure 1 shows the essential parts of the primary 
distillation unit. It consists of a horizontal still 
equipped with a 14-plate bubble cap fractionating 
column, a three-pass tubular-type total condenser, a 
reflux control device, and a jacketed distillate receiv- 
er which may be iced for collecting low-boiling frac- 
tions. 

The fractionating column was designed to handle 
a maximum of approximately 90 cubic feet of vapor 
per hour. This, for the lighter distillates, corresponds 
to about 12 liters of liquid per hour, of which two to 
four liters would normally be taken off as distillate 
and 10 to eight liters returned to the top of the 
column as reflux. At this rate the vapor velocity 
through the free space in the column is slightly less 
than 0.5 feet per second and about 16 feet per second 
through the bubble cap slots. The column is built 
in sections, and consists of 14 plates separated by 
welded flange spools of three-inch pipe. Each spool 
is three inches in length. Each plate has one cen- 
trally located vapor untake and bubble cap, and 
two downpipes set 90 degrees apart. The downpipes 
hold a %-inch liquid level on each plate, and extend 
Y%-inch below the liquid level of the tray below. 
Those from the first tray into the still are provided 
with U seals. 

The column sections are bolted together. All 
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Methods and apparatus are described for the lab- 
oratory evaluation of crude petroleum. The appara- 
tus consists of the following four distillation units: 

1. Atmospheric distillation unit 
2. Stabilizing unit 

3. Flash vacuum distillation unit 
4. Vacuum fractionating unit 

Operating data and characteristics of the products 
are given which illustrate the flexibility of the appa- 
ratus, and indicate the degree of fractional separa- 
tion made. 

A major advantage of the equipment consists of 
its ability to make sharp-cut fractions of sufficient 
size that they can be further refined to finished 
products in amounts sufficient for a determination 
of their quality. 

Paper presented at Fifth Mid-Year Meeting, Amer- 
ican Petroleum Institute, Tulsa, May 15, 1935. 








flange faces of the spools and plates are machined so 
that no gaskets are required other than a coating 
of Permatex form-a-gasket cement. The entire col- 
umn is lagged with a three-inch thickness of 85 per- 
cent magnesia pipe covering. 

The reflux control divides the distillate, and re- 
turns the reflux to the top tray of the column by 
gravity. This device is constructed so that when 
the control valve is wide open, all of the distillate 
returns to the column. With the valve partially 
closed, a '%4-inch liquid head builds up in the top 
chamber before distillate flows down the take-off 
line. This liquid head maintains a practically con- 
stant reflux rate at any valve setting, so that any 
fluctuations in the column operation may be readily 
observed in the take-off look box. The control valve 
is of the three-way plug type, one side of which 
is by-passed into the take-off line. This makes it 
possible momentarily to cut off the reflux entirely, 
and to drain the distillate from the upper chamber, 
when it is desired to separate a fraction. 


STABILIZER 

The stabilizer was built primarily for use in con- 
nection with pressure distillate evaluations. It was 
designed for the purpose of\obtaining a propane-free 
butane cut as distillate, with pentanes, and heavier, 
retained as bottoms. Figure 2 shows the essential 
parts of this unit. The fractionating column consists 
of four five-foot sections of one-inch extra heavy pipe: 
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Each section is filled with No. 18 single-jack chain. 
The condenser and distillate receiver are both con- 
nected with an ammonia refrigeration system and 
cooled by direct expansion. The still is heated with 
a 1,000-watt electric heater, and is also jacketed for 
ammonia-expansion so that the light bottoms may be 
chilled before they are withdrawn. The reflux de- 
vice consists of a double needle valve arrangement 
for dividing the distillate stream and returning any 
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FIGURE 1 
Atmospheric Distillation Unit. 
1. Szill. 
2. Fractionating column. 
3. Total condenser. 
4. Reflux control. 
5. Distillate receiver. 
6. Vent or connection to stabilizer. 
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desired portion to the top of the column. The unit is 
built to withstand pressures up to 150 pounds per 
square inch. The still and lower portion of the 
column are lagged with 85 percent magnesia pipe 
covering. All other parts are insulated with cork. 

A small gas compressor is employed to transfer un- 
condensed vapors from the atmospheric still to the 
stabilizer. 


OPERATION OF ATMOSPHERIC UNIT AND 
STABILIZER 

The atmospheric unit may be operated either in 
conjunction with the stabilizer or as a separate unit. 
For the evaluation of crude oils the stabilizer is ordi- 
narily used only to condense the lightest fractions, 
while in rerunning pressure distillates the two units 
are operated in conjunction. 

For crude oil evaluation, approximately five gallons 
of the crude is measured or weighed into the atmos- 
pheric still. In order to avoid loss of low boiling con- 
stituents, all vents from the unit are closed and the 
reflux control set for total reflux during the initial 
heating period. Heat is then applied to the still, and 
uncondensed vapors are pumped oyer into the stabil- 
izer still—which is cooled to —20°F. The compressor 
operation is regulated so that the pressure on the 
atmospheric still is held under one pound per square 
inch, gage. Operation in this manner is continued 
until the temperature at the top of the column reaches 
110°F. At this point cooling water is turned into 
the condenser, the connection to the stabilizer is 
closed, and the atmospheric still vented. Distillation 
then proceeds in the usual manner, with the reflux 
control set to return about three fourths of the dis- 
tillate to the column as reflux. The light distillates 
condensed in the stabilizer are blended back with the 
first fraction taken from the atmospheric still. 

Fractions generally are separated at 50°F. intervals 
between 250 and 450°F. At each cut point the column 
is allowed to operate on total reflux for a short 
period. This concentrates the lowest boiling constit- 
uents at the top of the column, which are removed 
as distillate until the temperature at the top of the 
column remains constant at the cut temperature— 
with the column operating on total reflux. Reason- 
ably sharp separations are obtained in this manner. 

The distillate fractions obtained from this distilla- 
tion are blended to obtain the various commercial 
grades of gasoline. Sufficient quantities of each 
grade then are available for determination of octane 
number, treating requirements, and other pertinent 
data. 

The evaluation of pressure distillates is somewhat 
more involved. In our work along this line, pressure- 
distillate samples generally are collected in steel 
drums, under a pressure of about 50 pounds per 
square inch, directly. from the accumulator of the 
cracking unit. These cylinders are suspended above 
the atmospheric still, and connected with the charg- 
ing line by flexible steel tubing. The charge is then 
gradually released into the still, and all uncondsensed 
vapors are pumped over into the stabilizer. The 
weight of the charge is determined by the loss in 
weight of the cylinder. 

During the initial heating period additional vapors 
are pumped over into the stabilizer until the tempera- 
ture at the top of the atmospheric column reaches 
110°F., and no pressure is built up on the atmospheric 
still with the column operating on total reflux. The 
atmospheric unit then is vented, and distillation con- 
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1. Stabilizer pot. 6. Vapor line. 

2. Feed line. 7. Pressure gage. 
3. Pressure gage. 8. Condenser. 

4. Stabilizer column. 9. Condensate line. 
5. Thermometer. 10. Reflux regulator. 








FIGURE 2 Stabilizer. 











FRONT VIEW 
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11. Look boxes. 16. Condensate outlet. 


12. Gas-outlet valve. 17. Condenser supports. 
13. Gas line. 18. Receiver supports. 
14. Condensate receiver. 19. Stabilizer-pot supports. 





15. NH; valve. 
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tinued in the same manner as described for crude oil 
evaluation. 

The charge in the stabilizer unit at this point con- 
sists principally of methane, ethane, propane, butanes, 
and pentanes, together with a small percentage of air 
and heavier hydrocarbons. Varying percentages of 
unsaturated hydrocarbons containing the same num- 
ber of carbon atoms.also are present, and further 
reference to the normal hydrocarbons will include 
the unsaturated members boiling in the same range. 
While this unit may be utilized for various purposes, 
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the usual operation is to bleed off methane, ethane, 
and propane; recover a propane-free distillate frac- 
tion containing principally isobutane and _ butane; 
and retain butane-free pentanes and heavier bottoms. 

With the charge in the stabilizer, the pressure on 
the unit is usually about 100 pounds per square inch. 
The condenser is cooled to —35°F., and heat applied 
to the still. All condensed distillate is returned to the 
column as reflux. After a short period of refluxing 
the temperature at the top of the column comes to 
equilibrium at or below the boiling point of propane 
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TABLE 1 
TABLE 2 
Top-Column Temperature at Cut Point 
Pressure- Stabilized 
200 °F. 250 °F. | 300 °F. | 350 °F. | Residue Distillate | Butane | Stabilizer | Pressure 
Distillation—A.S.T M. e Cut Bottoms | Distillate 
D86-30: °F. 
— . Percent 
Initial boiling point........ 147 208 258 310 364 
10 percent point........... 158 214 264 313 370 Hydrocarbon: 
20 percent point........... 160 216 266 314 372 pS LEI ORE 0.40 ua se 
30 percent point........... 162 217 268 317 376 C2 compounds......... 2.10 Pie’ SEA 
40 percent point........... 164 220 270 318 378 Cs compounds......... 6.34 0.00 0.00 
50 percent point........... 168 222 272 320 382 C4 compounds......... 7.30 100.00 13.91 0.00 
60 percent point........... 171 224 276 324 386 Butylene........... Se 34.50 ee “Bn 
70 percent point........... 176 228 278 326 390 | SEE aT 8.08 Mey ea 
80 percent point........... 182 234 283 331 398 WpetaNe 5. cs eee 57.42 ike Pe 
90 percent point........... 192 240 291 338 408 Cs compounds......... 7.43 0.00 70.64 5.32 
RE MMNMES SA sis sb biglae ts 6s 208 252 306 354 446 Ce compounds......... 8.61 oie 11.98 6.89 
Yield of fractions, percent..... 20.7 20.8 21.1 19.7 17.7 PMO i icss ele os cits 67.92 3.47 87.79 
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. Feed tank. 

. Feed Pump. 

. Pre-heater coil. 
. Evaporator. 
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FIGURE 3 
Vacuum Flash Distillation Unit 


7. Spray trap. 


8. Lead bath. 12. Trap. 


5. Steam flow meter. 9. Tar receiver. 13. Jet condenser. 
6. Steam super-heater coil. 10. Distillate condenser and cooler. 14. Water cooler. 
11. Distillate receiver. 15. Water-circulating pump. 
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corresponding to the system pressure. 


With liquid 
propane refluxing to the top of the column, the sys- 
tem pressure is gradually reduced by bleeding off 
uncondensed methane and ethane from an outlet 
above the reflux control through a wet test meter at 
the rate of approximately 0.1 cubic foot per minute. 
Propane is then bled from the system in the same 


manner. The density of the gas being bled off is 
checked at intervals of 0.5 cubic foot to serve as an 
approximate check on the operation. The cut point 
between propane and butanes is sharp, being indi- 
cated by an abrupt drop in pressure and rapid rise 
in temperature at the top of the column. 

Refluxing is continued until the column again 
reaches equilibrium. The distillate receiver then is 
cooled below the boiling point of the butane cut, and 
opened into the system. Distillation then proceeds 
in the usual manner, with at least a 2-to-1 reflux ratio 
to the top of the column. When all of the butane 
fraction has been distilled over, the distillate receiver 
is blocked off from the system and the still is cooled 
to about 40°F. before the bottoms are withdrawn. 
The stabilizer bottoms generally are blended back 
with the first fraction from the atmospheric still. 
Butanes are held in the receiver until required for 
blending with the various grades of gasolines to ob- 
tain the desired vapor pressure. 


TYPICAL OPERATING DATA 


The efficiency of the atmospheric fractionating 
column is indicated by the A.S.T.M. distillations of 
a series of fractions cut from a naphtha as shown in 
Table 1. 

Table 2 shows the results of low temperature frac- 
tional-distillation analyses (Podbielniak) on a pres- 
sure-distillate charge, and the products obtained by 
the usual operating procedure. 

These analyses show that the butane cut has been 
well fractionated, being free of both propane and 
pentane. The butane content of the stabilizer bot- 
toms can be materially reduced by employing higher 
distillation temperatures than were used in this par- 
ticular run. 


FLASH VACUUM DISTILLATION 


The laboratory distillation of lubricating oils from 
crude oils down to a tar residue is a difficult opera- 
tion, and cannot be satisfactorily accomplished by 
ordinary batch distillation methods. The continuous 
vacuum flash vaporizer shown in Figure 3 accom- 
plishes this purpose in a very satisfactory manner. 
No attempt is made to fractionate the vaporizable 
portion due to the complexity of the apparatus re- 
quired and the attendant high heat losses. In con- 
nection with crude oil evaluation, the charging stock 
to this unit is the residuum from the atmospheric dis- 
tillation. However, it will handle practically any 
charging stock from which the gasoline, and prefer- 
ably the kerosene, fractions have been removed. 

Referring again to Figure 3, the essential features 
of the vacuum flash apparatus consist of a molten 
lead heating bath, 8, in which are immersed an oil 
pre-heating coil, 3, a steam super-heater coil, 6, a 
vaporizer, 4, provided with a spray trap, 7, and vapor 
and residuum outlets; a distillate condenser and 
cooler, 10, a distillate spray trap, 12, and a steam 
condenser, 13. Auxiliary equipment includes a feed 
tank, 1, separate receivers for tar, 9, distillate, 11, 
and condensed steam, 14, together with necessary 
pumps, gages, and connections. 
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The feed tank is steam-jacketed so that the Charge 
may be pre-heated to approximately 250°F. to insure 
uniform flow through the charging valve. The feed 
pump, 2, which is a 30 gallon per hour gear pump 
circulates the charge continuously through a pre. 
sure-relief valve set at 25 pounds per square inch, 
This holds a constant head against a needle valye 
through which the charge is metered into the pre. 
heater coil. The pre-heater coil is a 10-foot length 
¥-inch outside diameter by 5 /64-inch inside diamete; 
seamless steel tubing. It enters the vaporizer 3 
shown, and is cut off at an angle of 45 degrees on the 
inside to produce a tangential motion of the flashing 
vapors. 

The shell of the vaporizer is four-inches extr, 
heavy pipe. It contains one stripping tray set near 
the bottom over a distributing spider, through which 
super-heated steam enters. The stripping tray isa 
40-mesh screen supported in a circular frame, and 
provided with a downpipe directly over the tar leg 
set to hold a %-inch level on the screen. In operation, 
the tar is prevented from draining through the screen 
by the upward flow of steam, and intimate contact is 
obtained. The tar drains from the vaporizer directly 
into the tar receiver, which is of sufficient size to 
hold all of the tar normally obtained in one run. 
Provision for changing the receiver could easily be 
made by inserting a valve and connection to the 
vacuum header into the tar line. 


Vapors from the vaporizer ascend into the spray 
trap, which provides a change in vapor velocity and 
four directional changes. The upper portion of the 
trap is packed with wire coils. The trap ordinarily 
functions satisfactorily when totally immersed in 
molten lead ; however, if necessary, additional reflux 
can be obtained by lowering the level of molten lead 
in the outer bath. 


Vapors from the trap flow into a three-pass, tubu- 
lar-type, water-cooled condenser, which condenses 
and cools the distillate, but does not condense the 
steam. The distillate then flows by gravity into the 
distillate receiver, 11, from which it is pumped at in- 
tervals. 

Uncondensed steam, carrying a small quantity of 
suspended oil, ascends from the condenser outlet into 
a trap, 12, in which the oil is separated and allowed 
to flow back into the distillate receiver. Steam passes 
overhead and down into the jet-type condenser. 
Water at 40°F. flows continuously over three cas- 
cades above the vapor inlet and down into a reservoir, 
from which it is pumped back to the cooler which is 
equipped with ammonia-refrigeration coils. The flow 
of water into the jet condenser is regulated by a 
valve, and balanced against the pump. A gage affords 
visual observation of the water level in the lower 
reservoir. 

The connection to the vacuum pump is at the top 
of the jet condenser. Vacuum gages are connected at 
this point, and also into the vaporizer. In operation, 
the pressure drop between these two points is norm- 
ally 8 mm. to 10 mm. The vacuum pump used 1s 4 
Cenco Megavac. 


The heating bath holds approximately 600 pounds 


of lead. It is heated by four Fisher-Meker-type ga 
burners. From 2% to 3 hours are required to melt 


this volume of lead and bring it up to operating tem 
perature. Any temperature between 650 and:1000 F. 
may be held easily within a range of 5°F. or less 
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and wide temperature fluctuations in the vaporizing 
section are impossible due to the large volume of 
lead. At the end of each run the lead is drained into 
, vat, and ladled into bar molds of such size that the 
bars may be placed back into the heating bath for re- 
melting. About 30 minutes are required for this op- 
eration. 

The operation of the unit is relatively simple; and 
once it is adjusted to the desired operating conditions, 
it remains very constant—with little attention other 
than to pump out the distillate as it is collected. No 
recycling of products is necessary at the beginning 
of the run, since all parts of the vaporizing section 
are brought to the operating temperature before the 
charge is admitted. The character of the tar and 
percentage of distillate which will be obtained at any 
given temperature and pressure vary, of course, with 
the character of the charge and the steam ratio em- 
ployed. After some experience in operating the 
unit, it is possible to estimate the proper operating 
conditions for the desired products with a fair degree 
of accuracy on the basis of the physical characteris- 
tics of the charging stock. 

In making a run the preliminary operations in- 
clude: 1, heating the lead up to the operating tem- 


perature; 2, evacuating the system to 29 inches of. 


mercury or less; 3, cooling the water supply to the 
iet condenser and regulating the water flow to bal- 
ance the circulating pump; and, 4, weighing the 
charge into the feed tank and pre-heating it to 250°F. 
With the above adjustments complete, steam is ad- 
mitted into the vaporizer and regulated—the flow 
being indicated by an orifice meter. Ordinarily, from 
one to three pounds of steam per gallon of charge 
are used. The needle valve in the charging line then 
is opened to give a charging rate of approximately 
four liters per hour. The charging rate then is 
checked by observing the rate of fall of the liquid 
level in the feed tank gage glass. Likewise, the dis- 
tillate rate is checked by observing the rise of the 
liquid level in the distillate-receiver gage glass. 

At the end of each run the pre-heater coil is blown 
free of oil by admitting steam just ahead of the 
charging valve. This prevents coking in the coil. 
Any light distillate which gets past the distillate 
spray trap is recovered by draining the water from 
the cooling system and separating the oil. 


TABLE 3 


Flash Vacuum Distillation of Butler County, 
Kansas, Residuum 











Charging; Run Run Run 
Stock No. 1 No. 2 | No. 3 
Operating Data: 
Lead-bath temperature, °F.........|  ....- 700 750 800 
SS PPI Erreee 525 637 700 
Steam ratio, pounds of water per 
NN rer: Soarree 3.7 2.99 4.12 
Vield of distillate, percent..........]  ..... 68.1 83.3 91.5 
ee OF Sie NES oo. Sala os ES ce oct 30.7 15.6 7.7 
Sy DENNEN Gio > «0c aod. codec o ah. aaa 1.2 1.1 0.8 
Quality of Products: 
Distillate 
NOT; MMMM 25 ores. o sk 0)b aa geo 5 37,800 512 880 3,300 
*Color removed, percent..........|  ...-. 90.8 98.1 92.0 
A = Sarre 23.8 0 26.4 25.0 
Viscosity, Saybolt Universal at 210 
T Cee, Fig MBLs os 6cae. bs bahes os 52 39 41 45 
ar 
Spa vite ee IE, ss sb dees cab: iss oe 15.1 13.0 aaa 
eeeteninte te, HR. . ... .ecemeeoal . cooly 72 144 426 
—_ 

















Iodine color of distillateXyield of distillate 


TABLE 4 
Flash Vacuum Distillation of Oklahoma City Residuum 








Run Run Run 
Stock | No. 19 | No. 18 | No. 17 
Operating Data: 
Lead-bath temperature, °F......... Pe 740 775 820 
Vapor temperature, °F............. ERs 630 658 715 
Steam ratio, pounds of water per 
gallon of distillate............. 3.98 3.68 3.75 
Vield of distillate, percent.......... Pe aes 87.0 90.5 94.6 
Vield of tar, percent............... eas 11.5 8.3 5.2 
FS | ERR Saree ip wuaed 1.5 1.2 0.2 
Quality of Products: 
Distillate 
Color, ethane. 6s SSahavies eo 12,600 758 820 1,610 
Color removed, percent.......... ape 94.7 94.1 87.9 
Gravity, deg. API... ....icccccess 25.9 27.6 27.3 27.0 
Viscosity, Saybolt Universal at 210 
Pn MS Scat é oxinnei hanes 57 48 49 
ar 
Softening point, °F.............. 75 85.5 105 




















*Percent color removed==100 — Todi hor of che 
ine color of charge 
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An example of the flexibility of the vacuum-flash 
unit is afforded by a comparison of three runs made 
on a sample of long residuum from Butler County, 
Kansas, crude oil. Operating data and the character- 
istics of the products are shown in Table 3. 

It can be seen from the percent of color removed 
from the distillate that the unit is efficient for de- 
asphaltizing long residuum. Wide variations in the 
properties of the tar result from relatively small 
changes in operating temperature with this particular 
charging stock, which is decidedly asphaltic in nature. 

Results of a similar series of runs on a long resid- 


uum from Oklahoma City crude oil are shown in 
Table 4. 


The softening point of the tar is considerably less 
affected by the flash temperature in the case of this 
charging stock, which is representative of the Mid- 
Continent type. Color-removing efficiency remains in 
the same range. 


The unit is capable of handling a large variety of 
products. On one occasion pressure fuel oil was dis- 
tilled without difficulty. No appreciable coking oc- 
curs in the pre-heater coil or the vaporizer under 
ordinary operating conditions, and the only time any 
difficulty has been encountered was during an at- 
tempted run at 1000°F.—when the tar produced (due 
to its high melting point) failed to flow down into 
the residuum receiver, and coking of the evaporator 
resulted. 

Flash distillation without steam may also be ac- 
complished. For this purpose the unit is operated 
at 5 mm., or less, absolute pressure; and the steam 
condenser is employed to insure complete condensa- 
tion of the lighter fractions. Somewhat lower charg- 
ing rates are necessary to obtain adequate stripping 
of the tar. 


FRACTIONATION OF FLASH VACUUM 
DISTILLATE 


The fourth distilling unit of this group was de- 
signed to reduce the flash vacuum distillate to cylin- 
der-stock viscosity and fractionate the overhead prod- 
ucts. This unit is of the batch type, and was de- 
signed to operate under either dry vacuum at pres- 
sures down to 2 mm., absolute, or wet vacuum at 
somewhat higher pressures. 

As shown in Figure 4, the unit consists of a hori- 
zontal, cylindrical still equipped with a fractionating 
column, a partial condenser for controlling reflux, 
a condenser and cooler, and distillate receivers for 
collecting and removing overhead fractions. The still 
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FIGURE 4 


Vacuum Fractionating Unit 


has a charging capacity of approximately three gal- 
lons; and is provided with an open steam coil in the 
bottom, through which super-heated steam may be 
admitted. 


The fractionating column is built in three sections 
each section being 12 inches long and four inches jn 
diameter. A perforated plate in the bottom of each 
section serves as a packing support, and also re-dis- 
tributes the reflux. This obviates the possibility of 
channeling through the entire length of packing. 
The sections are packed with wire coils. These coils 
were made by winding 16-gage galvanized wire 
around a %-inch diameter rod, then cutting the coil 
into 3%-inch lengths. 

The use of a partial condenser was considered the 
simplest method of controlling reflux in this type of 
unit. In this case the partial condenser is built into 
the top section of the column. Seven horizontal tubes 
spaced in three rows extend through the column, and 
are welded to header plates on each side. Provision 
is made for cooling, either with water from a con- 
stant-head device or with a stream of air metered 
through an orifice. The approximate volume of reflux 
can be calculated from inlet and outlet temperatures 
of the cooling medium and the volume of flow. 

The top of the still, fractionating column, and par- 
tial condenser are completely insulated with 3% 
inches of 85 percent magnesia pipe covering. 


Distillation rate is observed through a look box in 
the distillate line and by the rise of the liquid level in 
the calibrated gage glass of the first receiver. An 
auxiliary pump is required to evacuate the lower 
receiver, which is used to remove fractions from 
the system. A mercury-column regulator is provided 
for regulating the system pressure at any desired 
point between 2 mm. and 25 mm., absolute. A Mc- 


























1. Still. 
2. Steam surge chamber. Leod gage (0.25 mm.) is connected through a mani- 
3. Steam supee-hester. fold to the still, the top of the fractionating column, 
+ eee, Se and the distillate receiver so that pressures may be 
4 5. Partial condenser. ° 7 
AG ee ase checked at these three points. 
7. Look Box. — The actual operation of this distilling unit depends 
anes ae y eae pron tist largely upon the nature of the charge being distilled, 
Si Vedanta Witiy dntinsetlons. particularly with regard to the vacuum employed and 
i whether or not steam is used. Generally, flash vacuum 
| distillates of the Mid-Continent type may be reduced 
to 100 to 120 viscosity at 210°F. with dry vacuum 
(Continued on page 306) 
TABLE 5 
Comparison of Properties of Fractions from Laboratory Unit with Those of Components of Blend Charged 
Heavy Wax Overhead Cylinder 
Gas Oil Light Wax Distillates Distillate Stock 
Commer- Labo- Commer- Laboratory Unit Commer- Labo- Commer- Labo- 
cial ratory cial cial ratory cial ratory 
Unit Unit Unit 1 2 Unit Unit Unit Unit 
Distillation: Deg. F 
Initial boiiing point............ 432 490 634 648 723 804 793 831 924 
5 percent point.............. 525 527 668 662 761 859 826 924 955 
10 percent point.............. 546 555 686 667 768 876 836 943 960 
20 percent point.............. 575 580 707 675 775 886 847 966 970 
30 percent point............. 589 591 726 680 778 894 855 981 984 
40 percent point.............. 596 597 743 683 781 900 866 999 1,000 
50 percent point.............. 610 606 760 690 788 907 871 1,014 1,014 
60 percent point.............. 618 613 777 698 795 917 881 1,035 1,036 
70 percent point............. 630 620 791 704 800 928 890 1,054 1 054 
80 percent point.............. 645 630 807 711 807 948 902 1,075 1,078 
90 percent po'nt.............. 667 641 826 725 819 979 922 1,093 1,095 
95 percent point.............. 706 653 840 735 829 1,006 940 Ke fre stipe 
Ra 800* 669* 860* 745* 838* 1,056* 970* 1,113* 1,115 
Average boiling point.......... 611 590 756 666 788 917 876 1,000 1,020 
Boiling range................. 368 179 226 97 115 252 177 282 Q a 
Gravity, deg. API............... 34.5 34.3 30.1 31.3 28.5 24.7 24.2 21.5 Ly 
DB. Go ova ick vies mares 15.8 ASS 21.4 23.0 coe 16.8 mere: 23. 
TS ee siesta 44.2 sitar el pleas see 




































*Extrapolated. Distillations made at 2 mm., absolute, pressure and values converted to 760 mm. 
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Recent Developments 


In Selective Solvent Extraction 


HE Chlorex process of selective solvent extrac- 

tion was brought to the commercial stage by 
Mid-Continent Petroleum Corporation and Standard 
Oil Company (Indiana)—both companies acting in- 
dependently and without knowledge of the other’s 
development. Carbide and Carbon Chemicals Cor- 
poration, sole manufacturers of Chlorex* (8, PB’ di- 
chlorethyl ether) has received an exclusive license 
under an agreement with Mid-Continent and Stand- 
ard to sell Chlorex to other refiners as a selective sol- 
vent in refining lubricating oils. Those refiners who 
purchase Chlorex from: Carbide and Carbon Chem- 
ical Corporation receive protection under the patent 
rights of Mid-Continent and Standard. Chlorex is 
manufactured by processes developed by the Carbide 
and Carbon Chemicals Corporation, which processes 
are covered by its issued patents and pending appli- 
cations. The present market price for Chlorex in 
tank cars is 14% cents per pound, f.o.b. the produc- 
ing plant at South Charleston, W. Va. This is ail 
the refiner is required to pay. There is no royalty 
charge based on plant capacity. 

There are now seven commercial Chlorex plants 
operating, with a combined charging capacity in ex- 
cess of 6000 barrels of oil per day. Below is a list 
of these plants with the daily charging capacity of 
each. The Freedom and Bradford Penn installations 
recently were placed in operation. The other five 
have been running for some time, and have treated 
a total of something like 60,000,000 gallons of oil. 





Daily Oil-charging 








Capacity 
Plant (42-Gallon Barrels) 

Standard Oil Co., (Indiana), Casper, Wyo......... 600 
Standard Oil Co., (Indiana), Wood River, IIl.....1,000 
Mid-Continent Petroleum Corp, Tulsa., Okla..... 200 
ane Pennzoil Co., Oil City, Pa... oc... ccc sees cs 1,000 
Socony-Vacuum Oil Co., Inc., Olean, N. Y. ......1,700 
Freedom Oil Works Co., Freedom, Pa. .......... 1,200 
Bradford Penn Refining Corp., Clarendon, Pa. .... 450 
TOMBE S52 one cen ib OARS eo a aT eee 6,150 








The plant operated by Standard Oil Company at 
Casper, Wyoming, is treating overhead stocks from 
Salt Creek crude. The units at Wood River, Illinois, 
and Tulsa, Oklahoma, are treating oils from Mid- 
Continent crude. The other four plants were in- 
stalled during the past 12 months for refining Penn- 
Sylvania oils. 


DEVELOPMENTS IN PENNSYLVANIA REGION 


The Pennzoil Company placed its Chlorex plant in 
operation last June. This plant has treated neutrals, 
bright stock, and 600-flash steam-refined cylinder 
Stock with uniformly good results. In the treat- 
ment of cylinder stock and neutrals by The Pennzoil 
Company, raffinate yields of 90 to 92 percent, or 


—. 


“Trademark registered U. S. Patent Office. 
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With Chlorex 


D. B. WILLIAMS 


Carbide and Carbon Chemicals Corporation, 


New York 









IS paper discusses developments in the Chlorex 
process during the past year. Seven Chlorex plants 
are now in operation. Four of these plants are in the 
Pennsylvania region. Descriptions of these plants and 
typical results secured by Chlorex extraction of over- 
head and residual lubricating stocks from Pennsyl- 
vania crude are given. Chlorex is also well suited to 
the treatment of overhead stocks from Mid-Continent 
and Coastal crudes. Typical results on such stocks 
are included in the paper. The possibilities of blend- 
ing a 100- to 105-VI Chlorex-treated Mid-Continent 
neutral with, 1, conventionally-refined 150-viscosity 
Mid-Continent bright stock of 80-85 VI and, 2, the 
same Mid-Continent bright stock, which has been 
Chlorex-treated with a small extract loss, are illus- 
trated by the inspections of two series of motor oil 
blends—SAE 20 to SAE 50, inclusive, made up by 
blending the Chlorex-treated neutral with the two 
bright stocks mentioned above. Properties of the 
blended oils are discussed, with particular regard to 
the viscosity index, carbon residue, and oxidation 
resistance of the oils of both series. Results secured 
by Chlorex extraction of a Mid-Continent long resid- 
uum after preliminary asphalting in propane solu- 
tion, or acid-treating, are also included. ; 
This paper was presented at Fifth Mid-Year meet- 
ing, American Petroleum Institute, Tulsa, May 16, 
1935. 








better, have been secured. They have enjoyed a very 
considerable improvement in filter yields when fin- 
ishing cylinder-stock raffinates to bright stock color 
specifications. No difficulties have been encountered 
in dewaxing the wax-bearing raffinate; in fact, they 
have removed a drier petrolatum stock in the plant 
centrifuges, using the same chilling temperature and 
naphtha dilution as formerly on filtered cylinder 
stock. It is necessary to use a slightly higher water 
temperature on the centrifuge bowls to facilitate re- 
moval of the higher-melting-point wax. 

The extraction equipment at Pennzoil is a three- 
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TABLE 1 


Data on Pennsylvania Neutral 








Original | Raffinate| Extract 

Vield, percent by volume................ 100.0 92.1 7.9 
Ne bins oe ck sede ike oss dsaba 30.1 31.5 15.3 
TE a onan oo os 6 3 @hbin 000.0 425 425 a 
ON I Oe a a 500 500 
SO hy Fe RS a ae ae. 20 25 

EE ERA ah oe rat «oe wae wdh-.te 3.5 2.5 

Carbon residue, percent.................. 0.03 0.01 
a ae cc apes pedo 28.4 3.4 ey 
Saybolt Universal viscosity at 100 °F...... 179 168 927 
Saybolt Universal viscosity at 210 °F...... 45.8 45.6 62.5 
BS SE Re Aa eee 109.1 117.5 —12.1 

















stage counter-current system of mixers and settlers. 
Mixing is accomplished by orifice-plate pipe mixers. 
These have proved very efficient as a means of con- 
tacting the solvent and oil. Chlorex now is recov- 
ered from the extract and raffinate solutions in a 
pipe still incorporating a vacuum stripper. 

The Chlorex plant operated by Socony-Vacuum 
Oil Company, Inc., at Olean, N. Y., has a charging 
capacity of 1700 barrels per day. This unit has op- 
erated continuously since early last August. The 
extraction equipment consists of a four-stage count- 
er-current system of settling tanks and mixers. 
Chlorex is recovered from the raffinate and extract 
solutions in shell stills which are designed for, and 
maintained under, a vacuum of 26 inch mercury. 
Heat for distillation is supplied with closed steam 
coils using 140 pounds live steam. Each still is also 
provided with open steam coils to facilitate the 
stripping. operation. Two 400 barrel stills are used 
for recovering the solvent from the raffinate solu- 
tion, and four of the same capacity for the extract 
solution. 

In both the Pennzoil and Socony-Vacuum plants 
considerable equipment which was available in the 
refinery, including the distillation equipment in both 
cases, was utilized in construction. The installations 
for the Freedom Oil Works Company and the Brad- 
ford Penn Refining Corporation are new. from the 
ground up. 

The Freedom unit has a charging capacity of 500 
barrels per day of 600 steam-refined cylinder stock 
or up to 1200 barrels per day of neutral. The sol- 
vent is recovered from the extract and raffinate solu- 
tions continuously in separate steam-heated strip- 
ping columns maintained under a vacuum of 28 
inch mercury. Complete removal of the solvent is 
effected at a maximum stripping temperature of 
300°F. In the Bradford Penn Chlorex plant, heat 
for distillation under a vacuum at 26-28 inch mer- 
cury is applied by means of a hot oil circulating sys- 





tem. The Bradford Penn plant has a capacity of 300 
barrels per day of cylinder stock or 450 barrels of 
neutral. 


RESULTS SECURED WITH CHLOREX ON 
PENNSYLVANIA STOCKS 


Typical results on a 180 neutral from Pennsyl- 
vania crude are shown in Table 1. This distillate 
was treated with Chlorex in seven-stage continuous 
counter-current apparatus with a 14-to-1 ratio of 
Chlorex to oil by volume at a temperature of 65°F, 

A 92.1 percent yield of oil was obtained, which 
shows an improvement in viscosity index from 109.1 
to 117.5. Increased oxidation resistance is indicated 
by the reduction in Sligh No., although some feel 
that this test is more qualitative than quantitative. 
The laboratory where this extraction was conducted 
is not yet equipped to run the Indiana oxidation 
test, which many consider gives a better index of 
oxidation resistance of an oil than the Sligh test 
does. The viscosity index of this neutral was in- 
creased to 121.2 in another extraction, using the 
same number of counter-current stages, a higher 
Chlorex-to-oil ratio (1 to 1), and a higher tempera- 
ture, 80°F. Under these conditions, improvement in 
the oxidation resistance, as measured by the Sligh 
No., was the same. Raffinate yield was slightly 
lower. 

In considering solvent extraction as applied to 
Pennsylvania oils, refiners in that region are inter- 
ested principally in the treatment of steam-refined 
cylinder stock. By four-stage counter-current treat- 
ment of a typical 600 stock, results shown in Table 
2 were obtained. The oil was treated at a temper- 
ature of 75°F. using a 1.5-to-1 Chlorex-to-oil ratio, 
by volume. 

It will be noted that the extract loss on this stock 
was only seven percent. The extract has a gravity 
of 10.9 (nearly the same as that of water) a viscosity 
of 1445 sec. at 210°F., and a viscosity index of ap- 
proximately —30. The character of this extract 
clearly demonstrates the high selectivity of the sol- 
vent. By treating this stock with Chlorex, a 93.0 
percent yield of wax-bearing raffinate was obtained, 
with a reduction in the Conradson carbon residue 
from 2.07 percent to 1.40 percent. When the original 
stock and raffinate were dewaxed to pour points of 
+25 and +20°F., respectively, and both oils were 
filtered to an 8 NPA color, it will be noted that the 
treated bright stock had a carbon residue of 0.91 
percent as compared with 1.44 percent on the con- 
ventionally-refined bright stock. At the same time, 
the percolation yield was increased from 446 gallons 














TABLE 2 
Data on Pennsylvania Steam-Refined Cylinder Stock 
Original Charging Stock’ Raffinate a 
rom 
Wax-bearing | Dewaxed | Finished | Wax-bearing | Dewaxed | Finished | Original 
So i's kc wien aah. s pikes vies «ab Bio's sinyss oes 100 ee “sia 93.0 Ea as 7.0 
SLT Wh, od hy Sak COWS E OS bE eae 8 we eo Heese eee ee 26.9 26.6 27.2 28.1 27.8 28.2 10.9 
a Eo ates Cmain pin v0.0 ges © 5.0,0.0'8 wun.e 9:8 590 585 585 585 580 580 wee 
ee rere ak ay tse cd eo ansad dines ces 50 30 25 55 25 20 
NO es al g's oy Spiel a cis bs Ole e Sler ve Ke eeee ees 2.07 1.90 1.44 1.40 1.33 0.91 
EE EN cs oly Adi eagieb bac cat ectegspesesececes 1,500 1,700 333 1,100 1,190 260 
CREAT CRISS SLATE TS ee ine c Use oq dota eb edardibie ds Fab 4 8 vig aa 8 
eg SEE Sv ace rece desadgos sacred senrccnsis 0.56 0.12 0.10 0.39 0.07 0.06 ses 
RATE EIS 3 SSE Rea ange ea eae 161.2 173 159.9 150.9 161.8 152.4 1,445 
ss a ee ear ey av Ae i diy yams ses pn 887 ee ay 784 as nies owe 
eS i. hes we eae ne See cdreeebesaceepes 2,231 2,695 2,338 1,908 2,272 2,083 see 
IR SERGI Oe 0, PEGE eile od clea wi ordip qtbies ele cee es 109 104.5 105.5 112.0 108.3 108.5 —30 ae 
proxi 
OEE COMO Us iA ted dd cee wee etd stvevetvissoee 0.804 0.805 0.802 0.796 0.797 0.795 0.907 





























*Kinematic viscosity converted to Saybolt seconds by means of A. S. T. M. equations. 
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TABLE 3 
Percolation Yields 








Percolation 
Yield 
(Gallons of 
Viscous Oil Per 








Ton of No. 1 

Color Aca 
sTOCK (NPA) y) 
DOE 6 ise hacia Ltt wrk ok ath ge Ba De Slk s Msc Kes 6 376 
SBE A lah leah Gavsd vs pos Pwes Leet 6 467 
Raffinate . = 
8 562 

















per ton to 562 gallons per ton, which represents a 
considerable saving in filter costs for the same bright 
stock color. A comparison of the percolation yields 
when finishing the dewaxed charging stock and the 
dewaxed raffinate to various NPA colors will be 
found in Table 3. 

The increased demand for lighter lubricating oils 
has placed a premium on neutrals. Pennsylvania 
neutrals are selling for around 28 cents a gallon, 
while the price of bright stock has dropped to 
around 16 cents a gallon. This situation is just 
about the average of what it was a year or so ago. 
When treating a Pennsylvania steam-refined cylin- 
der stock with Chlorex, a reduction in the viscosity 
at 210°F. of from 10 to 12 seconds is obtained. This 
offers two advantages: 1, Starting with a 600-flash 
cylinder stock with a viscosity of 150 seconds at 210 
*F., Chlorex treatment makes it possible to finish 
up a less viscous (140-138 seconds at 219°F.) bright 
stock. By this reduction in viscosity about three 
percent to four percent more bright stock will go 
into motor oil blends than when refining conven- 
tionally by dewaxing and percolating to the same 
pour point and color; because without the solvent 
the reduction in viscosity at 210°F. is very slight. 2, 
Starting with a cylinder stock of 160-162 seconds at 
210°F., Chlorex extraction by reducing the viscosity 
will permit finishing up a bright stock of 150-148 at 
210°F. When running to the more viscous cylinder 
stock, some of the viscous oil which normally goes 
into the bright stock is taken into a slop wax cut, 
which may be dewaxed with propane or thermally- 
treated to permit filter pressing for wax removal. It 
has been estimated by several Pennsylvania refiners 
that, taking all factors into consideration, the latter 
method described above will show an increase in 
neutral production of 2 to 2% percent, based on the 
crude, or 17 to 20 percent, based on neutral, and a 
decrease in bright stock production of about 214 
to 3 percent based on the crudes, or 15 to 20 percent, 
based on bright stock. 

Many Pennsylvania refiners feel that viscosity re- 
duction of cylinder stocks by solvent means will pay 
for the cost of extraction and also compensate for 
extract losses which are sustained in solvent treat- 
ing. Considering this, and the increase in percola- 
tion yields obtained, Chlorex extraction of Pennsyl- 
vania oils should not increase refining costs, and 
may show some savings. Profitable disposal of ex- 
tracts is being closely studied, and applications in 
certain directions offer promise. 

With regard to improvement in oxidation resist- 
ance, conventionally-refined Pennsylvania SAE-20 
and -30 motor oils will generally show about 50 to 
55 hours for 10 mg. of sludge on the Indiana oxida- 
tion test. A number of oxidation tests have been run 
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on SAE-20 and -30 blends made up of Chlorex- 
treated neutral and bright stock. All of these have 
shown better than 200 hours on the Indiana test 
with no sludge formation. 


TREATMENT OF LUBRICATING STOCKS FROM 
MID-CONTINENT AND COASTAL CRUDES 
WITH CHLOREX 


Chlorex is peculiarly well suited to the treatment 
of overhead stocks from Mid-Continent and Coastal 
crudes. Results obtained with Chlorex on a typical 
SAE-20 Mid-Continent distillate, dewaxed to a 25°F. 
pour point, are shown in Table 4. This oil was 
treated in six-stage, continuous, counter-current ex- 
traction equipment at a temperature of 60°F., using 
a 1.44-to-1 Chlorex-to-oil ratio. 








TABLE 4 
Data on Mid-Continent Distillate 
Original Raffinate 
Yield, percent by volume....................... 100 71.5 
IN: MIE nb 'a0b odo cia sco bbe cde a Biee a peane.0o aaa 24.0 30.0 
Saybolt Universal viscosity at 210 °F............ 52.7 49.9 
Saybolt Universal viscosity at 100 °F............ 348.1 267.8 
Viseetiiy tehee Sis SL TAG es 60.5 92.5 
Viscosity-gravity constant..................0005 0.853 0.815 
Come; MPAG 6 os EEE ike Rag 4% to 5 
Cote; GH, is a ewre is nd Cees dbus deeebiigs ieiues: 331 
I, Re ec an Sha co cosien an dione 25 30 
Cathon residue; percents i66 55. 63.60.66 008 oe dee 0.17 0.02 
Weemetreey Bee 1. T-ROCE. og 05 5 skies cose kn aae 2 cc. OK 
PWemerememetah INO.) 0 6s CLERGY te ta VE 0.36 0.14 











A very marked improvement in the color has been 
effected by the action of Chlorex alone. The stock 
came direct from the still, and received no acid or 
clay treatment prior to Chlorex extraction. A 171.5 
percent yield of raffinate was obtained, showing an 
improvement in viscosity index from 60.5 to 92.5 
With a 63 percent yield, a viscosity index of 100 was 
readily obtained on this oil. 

The raffinate was finished to a 3%4-4 color with a 
clay yield of 4000 gallons per ton of No. 1 Attapul- 
gus clay. 5 


When treating distillates from Coastal crudes, 
low yields must be expected if a 100-VI oil is de- 
sired. For this reason, a moderate improvement in 
viscosity index appears more logical. Table 5 shows 
results obtained with Chlorex on overhead distillate 
blend from Coastal crude. This extraction was run 
seven-stage, batch, counter-current, at a temperature 
of 60°F. using a 1%-to-1 Chlorex-to-oil ratio. 

With a 64.8 percent raffinate yield a viscosity-in- 
dex improvement from 21 on the original stock to 
65.5 on the raffinate was obtained. The raffinate 
was finished to a 2% NPA color, with a percolation 
yield of 5900 gallons per ton of No. 1 Attapulgus 
clay. Chlorex extraction of this stock is accom- 
panied by improvement in other properties, such as 
steam-emulsion number, demulsibility, and acidity. 

Several of the refiners in the Mid-Continent field 
are considering installation of a Chlorex plant to 
treat Mid-Continent neutrals and possibly bright 
stock. On a Mid-Continent neutral, a viscosity in- 
dex of 100, or better, can be obtained readily with 
Chlorex, with yields from 60 percent to 75 percent. 
Acid treatment will not be necessary, and solvent 
treatment should show real savings in clay costs. 
Assuming that such a neutral were available, motor 
oil blends could be made with this neutral and: 17, 
150-viscosity Mid-Continent bright stock finished 
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TABLE 5 
Data on Distillate Blend from Coastal Crude 
Raffinate 
Before | Raffinate 

Original | Claying | Finished | Extract 
Vield, percent by volume..... . 100 64.8 ayes 35.2 
eS 20.4 25.0 25.0 11.9 
RMR GL, cid, sth oc fod 85 34 7 oot 
VRE és 4% 2% 
| e PEI Ae —10 —5 0 5 
Carbon residue, percent....... 0.16 0.02 0.01 oe 
Saybolt Univ. vis. at 210 °F... 61 59.9 60.2 93.8 
Saybolt Univ. vis. at 100 °F... 741 544 550 Sart 
ao EAA ae 21 65.5 67 ey 
Viscosity-gravity constant... .. 0.875 0.840 0.839 0.937 

















conventionally with acid and clay or, 2, the same 
bright stock which has been treated with Chlorex 
with a moderate extract loss of, say, 1214 percent. 

In order to study these possibilities, two series of 
motor oil blends, SAE-20 to SAE-50, inclusive, have 
been prepared. The same neutral, a typical Chlorex- 
treated Mid-Continent distillate of 102 VI was used 
in both series. Tests of this neutral and the Chlorex- 


treated and untreated bright stocks are given in 
Table 6. 


The data in Table 6 show that Chlorex treatment 
of the conventionally refined Mid-Continent bright 
stock has resulted in a reduction in Conradson car- 
bon residue from 1.79 to 1.11 percent on the treated 
oil. There is no increase in pour point. The viscos- 
ity index has been increased from 80 to 89. 


Inspections on motor-oil blends, secured by blend- 
ing the Chlorex-treated neutral with the convention- 
ally refined Mid-Continent bright stock, are given 
in Table 7. 


The viscosity index of the SAE-20 oil in Table 7 
is better than 100, while the viscosity index of the 
SAE-30 oil is slightly under 100. There is a pro- 
gressive improvement in the oxidation resistance of 
these oils, as measured by the Sligh test, which is 
to be expected as the amount of bright stock in 
each blend increases. 


The viscosity indites in Table 7 were calculated 
from the Saybolt Universal viscosities of these oils. 
If these figures had been based on the kinematic 
viscosities, it is probable that the viscosity indices 
would have been somewhat lower. Although many 
feel that viscosimeters for measuring kinematic vis- 
cosities give more accurate results than the Saybolt 
instrument, particularly on the lighter oils, it is, 
nevertheless, true that the Saybolt viscosimeter is 
in very general use throughout the country, and Say- 
bolt viscosities are still used generally in reporting 








TABLE 6 
Data on Mid-Continent Neutral and Bright Stocks 
Treated 
Bright Stock 
Bright | (87.5-Percent 
*Neutral Stock Yield) 
Gravity, API........... . cake ties ae 31.1 23.2 25.4 
PMs oc occa Ghia staves ce 430 555 560 
SOE Ti Saas 8 ae oy 490 635 640 
ee Bi iw das wie 5 5 5 
Color, Tag-Robinson................ Ah 1 ly 
4k ER a re 2% Ja wh 
a ays eas sas b 4b he sa kue 2— 4— dilute | 4— dilute 
Carbon residue, percent.............. 0.018 1.79 1.11 
Saybolt Univ. vis. at 100 °F.......... 211 3,512 2,609 
Saybolt Univ. vis. at 130 °F.......... 110+ des me i 
Saybolt Univ. vis. at 210 °F.......... 47.5 162.5 145.9 
OT a. Sd a's Weaaba a 6 whe o's 102 80 89 

















*Contains 0.1 percent paraflow. 
tA.S.T.M. chart. 
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oil specifications. Further improvement in the vis. 
cosity index of the oils in Table 7 can be secured by 
the addition of Paratone to the bright stock used ip 
the blends. 

Inspections on a series of motor oils made by 
blending Chlorex-treated Mid-Continent neutral 
with the 150 bright stock after treatment with Chlo- 
rex, with a 12% percent loss, are shown in Table 8. 

It will be noted that the SAE-20 and SAE-30 oils 
both have a viscosity index of better than 100, while 
the SAE-40 oil has the same viscosity index as the 
SAE-30 oil in Table 7. As a result of the increased 
demand for lighter oils, it appears that the bulk of 
the demand for motor oils will be supplied with 


TABLE 7 


Blend of Chlorex-treated Neutral and Conventionally. 
Refined Bright Stock 








SAE-20 SAE-30 SAE-40 SAE-50 
Neutral, percent by volume.... 93 73 59 43 
| 8 CRA aoe 30.4 28.9 27.9 26.6 
4 Dye SS ee 435 455 465 475 
i SL, ears 500 515 525 540 
ee I. . kidd. ocadaes 5 5 5 5 
Oe” ee 3.5 5 6— 6 
Carbon residue, percent....... 0.10 0.42 0.74 1.0 
Saybolt Univ. vis. at 100 °F... 248 405 593 914 
Saybolt Univ. vis. at 130 °F... 129 196 269 370* 
Saybolt Univ. vis. at 210 °F... 49.6 58.3 67.4 81.0 
3S eae 101 97 93 88 
Ea ees eee ae 2.7 2.5 1.5 1.0 

















*From A.S.T.M. chart. 


SAE-30 grade, or lighter. Table 8 shows that oils 
of 100 viscosity index, or better, to meet this de- 
mand can be made by blending a Chlorex-treated 
Mid-Continent neutral with a conventionally refined 
Mid-Continent bright stock, also treated with Chlo- 
rex with a low extract loss. 








TABLE 8 
Blends of Chlorex-treated Neutral and Bright Stocks 
SAE-20 SAE-30 SAE-40 SAE-50 
Neutral, percent by volume.... 93 71 54 40 
OO PRR OR TOr eS 30.7 29.4 28.5 27.7 
NG NR OF 6. su oo 0'e’b ies nie 435 455 465 475 
ON Sy eee 500 515 525 540 
| Se I eae 5 5 5 5 
SS | RRR rs 3.5 5— 6-— 6 
Carbon residue, percent....... 0.07 0.28 0.42 0.56 
Saybolt Univ. vis. at 100 °F... 244 394 594 849 
Saybolt Univ. vis. at 130 °F... 129 194 |} 271 355* 
Saybolt Univ. vis. at 210 °F... 49.5 58.5 68.5 80.9 
Viscosity index............... 102 102 97 95 
i, agi aS aes arenes Bek 1.5 1.3 0.6 0.6 

















*From A.S.T.M. chart. 


Also of interest is the improvement in Conradson 
carbon residue which has been obtained by blending 
the neutral with the Chlorex-treated rather than 
the conventionally refined bright stock. The carbon 
residues in Table 8 are approximately half those in 
Table 7%. Further improvement in resistance to ox! 
dation, as measured by the Sligh No., has‘ been ob- 
tained by treating both blending stocks with Chlo- 
rex. 

TREATMENT OF MID-CONTINENT LONG 
RESIDUUM WITH CHLOREX 


Although Chlorex shows a very marked improve 
ment, with low extract losses, on residual stocks 
from Pennsylvania crude, when extracting a Mid- 
Continent long residuum, which may contain irom 
5 to 15 percent asphalt and other undesirable con- 
stituents, it is usually necessary to acid-treat the 
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TABLE 9 
Data on Oklahoma City Long Residuum 








Original Raffinate Extract 
Stock from from 
Original De-asphalted | De-asphalted De-asphalted 
Wax- ring (Dewaxed and Dewaxed Finished and Dewaxed 
Stock Only) Stock Raffinate* Stock 
meahercent te WONMME,; ... . 5 so is iiacd o's c's died ve bb wo dip cicieb bbe Some pe> emt as 100 76.2 58.0 98 42 
ry bn yan aR Raia LR: Sethe i ie ie a 100 78. ee 43.6 -. 
Gravity, ° API 14 Leen eeseeres paki oSari- ond std LR, Abs «Eek Paper 3 tat 1s Ry ry poe, 
BE Uctvcrenl nsoaiey af tow r.20222 2.22 EMT. 3,180 209 1681 ied Ba 
Se Suns dbeent eee ee ee ee 0.856 0.816 0.809 0.022 
Sige rec ilags noc pee aNOOR Re BS MAE TN Gene ROSSINI ph NET Bie 10,100 2,000 1,650 324 st 
Ree Gace - seater: oxissolgle) dash | choxedoasey ay dperaian 10 00 55 25 
LP eer ore rr epee nro reer ere Cnr ok , : Q 
Pour point, Pe hk, s bele dc ob 6 but were S bd 6 be 6 bale a). 0 eles Shem Dea es 
Neutralization | TR See eae ae SE TP ME ET eg ef Teo ere a 35 ‘< a6 
Carbon residue, percent........ ccc c cece eee cece erence eee cere eeeeeetneee J . 4 i 




















* Raffinate percolated through No. 1 Attapulgus clay. 


stock or de-asphalt it in propane before solvent ex- 
traction. Typical results obtained on a propane-de- 


§ asphalted Oklahoma City long residuum with Chlo- 


rex are given in Table 9. The de-asphalted stock 
was treated in seven-stage, batch, counter-current 
equipment at a temperature of 80°F. with a 2-to-1 
Chlorex-to-oil ratio by volume. 

This same stock was extracted with Chlorex after 
acid treating with one pound of acid per gallon, un- 
der the following conditions: 

Chlorex-to-oil ratio 
Extraction temperature 
Method—four-stage, batch, counter-current 

The yields secured are given in Table 10, and it 
will be noted that there is some sacrifice in yield 
when using acid instead of propane for de-asphalt- 
ing—although the physical properties of the finished 
oil were equally good. In acid treating, however, 
no additional investment is required for equipment, 
as the present acid treating plant may be used for 
this preliminary step—thus eliminating the invest- 
ment required for a propane de-asphalting plant. 

As a matter of interest, a Mid-Continent long 
residuum, conventionally refined by acid treatment, 
by centrifugal dewaxing, and by percolation, was 
treated in seven-stage continuous, counter-current 
apparatus at a temperature of 105°F., using a 3-to-1 
Chlorex-to-oil ratio. The results are given in 
Table 11. 

A 72.4 percent yield of 99.2-VI oil was secured. 
This extraction was run simply to determine what 
loss would be encountered in making a 100-VI oil 
from an 80- to 85-VI conventionally refined Mid- 
Continent stock of this kind. By the use of a vac- 
tum still, those refiners who are running a long re- 
siduum can take their lubricating stocks overhead 
irom the topped crude. This method of refining will 
provide greater flexibility in controlling neutral and 
bright stock production to meet changing marketing 
conditions, and the overhead stocks will be clean 











TABLE 10 
Data on Oklahoma City Long Residuum 
Original 
Wax- Raffinate 
Original | bearing from *Per- 
Wax- Stock Acid- colated 
bearing Acid- treated | Dewaxed | Dewaxed 
Stock treated Stock Raffinate | Raffinate 
a 
Yield, percent by 
ovolum: PRP SR Z>, 100 69.2 65.7 75 95 
Vver-all yield, per 
SR oer 100 69.2 46.4 34.8 33.0 
— 


























*Percolated to 4-414 NPA color. 
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and relatively free from asphaltic materials—and 
may be readily solvent-extracted with a single sol- 
vent, such as Chlorex. The Chlorex process may be 
installed and operated at surprisingly low cost. 








TABLE 11 
Data on Mid-Continent Long Residuum 

inal Contacted 

il Raffinate | Raffinate| Extract 
Contact clay, gallons per ton.. . ae see 8,000 ne 
Yield, percent by volume...... 100 72.4 or 27.6 
Crary, ss ot ce oka hah ene 25.0 28.4 28.5 16.7 
Viscosity-gravity constant..... 0.828 0.802 0.802 0.893 
Bias pot, °F. sk HS 470 480 480 460 
Dime POM Ws. sib cctew ives 545 560 560 530 
Por geese ek 5 5 5 10 
Color, Tag-Robinson.......... 1% 1% 1#% yy 
Carbon residue, percent....... 1.15 0.59 0.57 2. 
Saybolt Univ. vis. at 100 °F... 1,237 1,103 1,112 2,792 
Saybolt Univ. vis. at 210 °F... 91.6 94.8 95.2 105.7 
Viscosity index............... 81.9 98.7 99.2 10.8 

















CHLOREX PLANT INSTALLATION AND 
OPERATING COSTS 


Figure 1 is a typical flow diagram of a Chlorex 
plant using the latest design of extraction equip- 
ment and vacuum distillation for continuous recov- 
ery of the solvent from the raffinate and extract 
solutions. Operation is as follows: 

The charge oil is pumped through a heat exchang- 
er M, which is operated either as a cooler or heater, 
depending on whether water or steam is circulated 
through the unit. Chlorex-extraction temperatures 
range from 60 to 125°F., depending on the stock and 
the results desired. The rate of pumping of the 
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charge oil is under automatic flow control. The pre- 
heated or pre-cooled oil is mixed in the first-stage 
pipe mixer, with the extract solution (thrice-used 
Chlorex) from the second stage. This mixture then 
| me in the first-stage settling tank. The extract 
olution from the first-stage settler is pumped, under 
automatic float control, to the extract-solution dis- 
tillation unit for continuous recovery of the solvent. 
The raffinate solution from the first stage flows 
under first-stage pressure, and is mixed in the sec- 
ond-stage pipe mixer with the extract solution from 
the third stage. This mixture settles in the second- 
stage settling tank. The raffinate solution from the 
second-stage settler is mixed with the extract solu- 
tion from the fourth stage (once-used Chlorex) in 
the third-stage pipe mixer, and this mixture settles 
in the third-stage settling tank. The raffinate solu- 
tion from the third-stage settling tank is mixed with 
fresh Chlorex in the fourth-stage pipe mixer. This 
mixture settles in the fourth-stage settling tank. The 
final raffinate solution, from the fourth stage, is 
pumped under automatic control to the raffinate- 
solution distillation unit for continuous recovery of 
the solvent. 

Figure 1 illustrates a design for four-stage coun- 
ter-current operation. There does not appear to be 
any advantage in going to more stages when treat- 
ing overhead or residual stocks from Pennsylvania 
crude. However, when treating Mid-Continent and 
Coastal oils, it is usually desirable to use 5, 6, or 
even 7 stages. When using more stages, the opera- 
tion of the extraction equipment is the same as de- 
scribed above. 

A compact extraction unit is made by installing 
the horizontal settling tanks one above the other 
in structural-steel framework. The first (top) stage 
is maintained under the highest pressure, varying 
from 75 to 100 pounds per square inch. The pres- 
sure drops in increments of 10 to 15 pounds per 
stage as the raffinate solutions flow downward from 
stage to stage, while the extract solutions are 
pumped with float-controlled pumps in the opposite 
direction. Chlorex is charged to the system with an 
automatically-controlled pump through a heat ex- 
changer, N, through which either water or steam 
may be circulated for heating or cooling the solvent. 

The solvent-recovery system is maintained under 
a vacuum of 26 to 28 inch mercury, and the solvent 
is completely recovered from the oil at a maximum 
stripping temperature of 300 to 325°F. The distil- 
lation equipment shown in Figure 1 is steam-heated. 
Direct-fired vacuum distillation units are also being 
used successfully for recovering Chlorex, and the 
choice of equipment depends to a large degree on 
whether sufficient live steam is available in the re- 
finery to operate the unit. 

The final extract solution from the first-stage set- 
tling tank passes through a heat exchanger, A, uti- 
lizing the heat in the stripped bottoms from the ex- 
tract distillation unit, E. Further heat is supplied to 
the extract solution in a second heat exchanger, B, 
utilizing the heat in the hot Chlorex water vapors 
from the extract unit. Any additional heat required 
for distillation is supplied with a steam pre-heater, 
‘C. The extract solution enters the stripping column 





near the top. Open steam is applied at the bottom 
of the column. Re-boiler coils may be used to main. 
tain the temperature throughout the column, which 
is a simple fractionating.column with bubble trays, 

The final raffinate solution from the fourth Stage 
is heated with bottoms and vapor heat exchangers 
D and F, and a steam pre-heater, G. As the raffinate 
solution will contain only 15 to 25 percent solvent 
the raffinate stripping unit, R, is considerably small. 
er than the extract unit, E, where the bulk of the 
solvent is recovered. Hot Chlorex water vapors from 
the extract and raffinate solution distillation units 
pass through a water-cooled condenser, H—the con- 
densed Chlorex and water flowing to a settling tank, 
K, where the solvent is separated from the water by 
gravity and returned to storage for re-use. The 
water will be saturated with Chlorex with a solvent 
content of approximately one percent. This water js 
fed through a pre-heater to a small, packed column. 
which may be readily constructed from a piece of 
casing of the proper length and diameter. Open 
steam is added near the bottom of this column, 
Water which is completely denuded of Chlorex flows 
to the sewer under automatic float control from the 
bottom of this tower, while the vapors which are rich 
in Chlorex pass to the raffinate extract vapor con- 
denser, H. A vacuum is maintained on the system 
by means of a steam-jet vacuum pump. It is not 
necessary to operate the water-stripping column un- 
der a vacuum. A Chlorex plant of this design, for 
treating 1000 barrels of oil per day, will require a 
total ground space not over 50 feet square. From 
15,000 to 20,000 gallons of solvent is adequate to 
place such a plant in operation. 

Four Chlorex plants using stills already available 
in the refinery for recovering the solvent were built 
at an out-of-pocket cost averaging $41 per barrel of 
combined charging capacity. A 1000-barrel per day 
plant using distillation equipment of this type could, 
therefore, be installed for around $40,000. Five- 
hundred-barrel-per-day plants built new from the 
ground up, incorporating continuous vacuum distil- 
lation equipment for recovering the solvent, may be 
installed at a price range from $120 to $180 per bar- 
rel charging capacity; while a 1000-barrel-per-day 
plant can be built for between $80 and $110 per bar- 
rel charging capacity. Operating costs in plants 
with continuous vacuum distillation equipment will 
run from 0.4 to 0.5 cents per gallon of oil charged, 
which includes steam, water, electricity, fuel, Chlo- 
rex, loss, maintenance, depreciation, and labor. 
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The Performance and Flexibility 
of the Duo-Sol Process 


MALCOLM H. TUTTLE 
Max B. Miller Company, New York, N.Y. 


HE refiner is continually faced by the demand for 
T better products at a lower price. This is a problem 
that can only be solved profitably by the adoption of 
refining methods which give a higher yield of the better 
product or permit operation on cheaper stocks. It is 
interesting, for this reason, to study the development of 
refining methods—especially in their relation to quality, 
yield, and flexibility. 


SEPARATION BY DISTILLATION 


In the early days of oil refining the chief demand 
was for burning oils and cylinder stocks, and there was 
but little demand for gasoline and other fractions. Batch 
distillation, with little or no fractionation, was suitable 
for the job of producing these materials—especially 
since only the highest quality crudes were refined, and 
since there was little competition for supplying the 
market. The discovery of lower quality crudes and the 
growing demand for petroleum products encouraged a 
competition which resulted in the installation of refiner- 
ies for operation on the lower grade stocks, and necessi- 
tated the use not only of separation by distillation, but 
of separation by chemical treatment. Demand.for new 
products and greater quantities encouraged the develop- 
ment of more efficient distilling methods, and the con- 
tinuous shell still battery came into use—and with it 
came dephlegmators, partial condensers, baffle towers, 
and other inefficient types of rectifying apparatus. With 
the adoption of the bubble deck and controlled reflux, 
the rectifying columns reached a high efficiency. The 
final development was not made, however, until a new 
principle was employed. The shell still with its recti- 
fying column was discarded for the tube still and frac- 
tionating column—which provided not only rectification, 
but stripping as well. It was then possible not only 
to manufacture products of higher quality, but also to 
increase yield. But, with even the most efficient distil- 
ling apparatus, it was found that—except for boiling 
tange—the characteristics of the product and the yield 
were governed by the nature of the crude from which 
the product was recovered. 


SEPARATION BY SOLVENTS 
In the early days of refining burning oils, it became 


| apparent that distillation—which was limited to sepa- 


tation by boiling point—could not be used for removing 
those impurities which had the same boiling range as 
the kerosene. It was found that treatment with sul- 
furic acid improved the burning quality by the removal 
of aromatics and sulfur compounds, but the treatment 
resulted in chemical reactions and the formation of a 
sludge of little value. It was discovered by Edeleanu 


June, 1935—A Gulf Publishing Company Publication 








N the refining of lubricating oil it is shown 

that conventional methods lack flexibility, and 
are limited as to quality and yield of product. 
Some improvement is obtained by counterflow 
treatment with naphthenic solvents, but this method 
is limited by characteristics of raw stock in their 
effect on quality and yield of finished oil. The 
Duo-Sol process, by counterflow use of propane 
and naphthenic solvent, introduces a new principle 
of extraction which permits operation on any lub- 
ricating oil stock, regardless of source, to produce 
oils of highest quality both as to viscosity index 
and also as regards stability. Stability of Duo-Sol 
oils is compared, by the Indiana oxidation method 
and by engine tests, with that of solvent-treated and 
conventionally refined oils. The article is illustrat- 
ed by photographs of engine parts after test runs. 

This paper was presented at Fifth Mid-Year 
Meeting, American Petroleum Institute, Tulsa, May 
16, 1935. 








that liquid sulfur oxide was effective in removing aro- 
matics and sulfur compounds, and could be recovered 
for re-use. This was a notable advance in the treatment 
of petroleum fractions, because it employed the princi- 
ple of selective solubility and avoided chemical reaction 
which accompanied treatment by sulfuric acid. Thus, 
a new principle was introduced, which has been a valu- 
able tool to the refiner in the treatment of particular 
fractions and the production of definite products. 

As in the production of gasoline, the automobile cre- 
ated a growing demand for lubricating oils in larger 
quantity and of higher quality. Following the earlier 
practices, the attempt was first made to supply this de- 
mand, by distillation of high quality crudes, and with 
such stocks it was possible to make lubricants good 
enough, for the early needs, by the use of only three 
separating steps: 1, the separation of the low- from 
the high-boiling fractions by distillation; 2, the 
separation of wax by pressing and cold settling; and, 3, 
the separation of color material by filtration. Again 
competition and growing demand brought about the 
manufacture of lubricants from lower quality crudes; 
and distillation, dewaxing, and filtration were no longer 
able to supply oils of high enough quality to meet re- 
quirements. Acid treatment was resorted to for the re- 
moval of the more unstable compounds from both the 
residual oils and overhead stocks. For a while lubricants 
produced in this manner founda market, but always at 
a price lower than that for the oils from the high quality 
crudes; for, even with the maximum refinement by sul- 
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FIGURE 1 
Flow Diagram—Duo-Sol Extraction System 


furic acid, the quality of the finished oil was limited 
by the quality of the crude from which it was made. 
To improve this quality, crudes were segregated, premi- 
ums were paid for the better grades—and the poorer 
stocks, finding no demand for lubricating oil manufac- 
ture, were either cracked or their heavy fractions sold 
as fuel oil. 

An attempt was made to improve the quality of lubri- 
cants by distillation. It was assumed that, since the 
residual fraction of lower grade crudes is invariably 
black and asphaltic, high vacuum distillation would per- 
mit the production of lubricants not only of lower 
asphaltic content, but superior in quality as well. It is 
safe to say that high vacuum distillation in the produc- 
tion of lubricating oils was responsible for producing 
oils having a lower carbon residue and requiring less 
chemical treatment; but it is also safe to say that such 
oils were less stable, less effective in eliminating wear, 
and resulted in higher oil consumption. Furthermore, 
the quality of the overhead lubricant from the lower 
grade stocks was such that these oils could only find a 
market at a price below that of the oils from high qual- 
ity crudes. 

The very recent developments in automotive and avia- 
tion engines in the way of increased engine speeds, 
pressures, and temperatures showed that the lubricants 
from even the highest quality crudes were lacking in 
stability; and, following the example set by Edeleanu 
an attempt was made to treat lubricating oil fractions 
‘with sulfur dioxide. It was found that this operation 
‘was not only difficult because of low solubility and poor 
settling rates, but that the product was little better 
than that which was produced by distillation and acid 
‘treatment. 

Using the same principle of treatment as was intro- 
duced by Edeleanu for treating kerosene, numerous 
solvents were investigated as substitutes for sulfur 
dioxide. The search for improved solvents resulted in 
the adoption of phenol, nitrobenzene, furfural, and 
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chlorex for the treatment of lubricating oil fractions. 
Many others have been proposed; but it is found that 
no solvent yet discovered used in the manner of Edel- 
eanu can produce from the whole lubricating oil fraction 
of the crude, and without regard to the quality of the 
crude, lubricants meeting the highest quality require- 
ments. In fact, most of the solvents proposed are 
limited to the treatment of particular fractions from 
crudes of definite characteristics ; for example, a solvent 
which is ineffective in lowering the carbon residue and 
in the removal of coloring material is limited to the 
treatment of distillates. The solvent which is ineffective 
for the removal of sulfur must be used for the treat- 
ment of sweet stocks. In similar manner, the use of 
the solvent is governed by crude characteristics such 
as naphthenicity, specific gravity, and viscosity. Aside 
from the limited field for single-solvent extraction, both 
because of the nature of the stock to be treated and the 
quality of the product desired, it is found that the 
counterflow treatment of a stock with a solvent invati- 
ably results in the loss of good oil in the extract. This 
is a fundamental limitation of this type of system, since 
it is necessary that the extract be removed in equilibrium 
with the feed. The endeavor today, in single-solvents 
extraction, as in the time of Edeleanu, is to find a better 
solvent; whereas the real improvement in the art lies 
not in a better solvent, but in a new system. 


DUO-SOL EXTRACTION—A NEW SOLVENT 
SYSTEM 


Such a system is provided by the Duo-Sol process; 
and just as modern fractionation—by providing both 
rectification and stripping to the art of distillation— 
added improvement in quality, flexibility, and yield, 99 
the Duo-Sol process produces the highest quality. prot 
uct with maximum yield with unlimited flexibility 4 
to the selection of stocks to be treated. The basic 
principle of the Duo-Sol process is that propane as 4 
paraffinic solvent may be used in conjunction with 4 
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saphthenic solvent to accomplish three purposes—the 
frst being by simultaneous use, to increase the selectiv- 
iy of the separation ; the second, to provide a stripping 
ection so that fractionation by solvents may have the 
dements required for maximum quality and yield, viz., 
ectification and stripping; and the third, to make the 
extraction system independent of the characteristics of 
the charging stock whether because of naphthenicity, 
gecific gravity, viscosity, boiling range, or nature of 
impurity. 


Five years ago this new principle of extraction was 
an idea. For three years practical methods of employ- 
ing the principle were studied in the laboratory (see 
Figure 1). Two years ago a pilot plant (Figure 2) was 
built for continuous operation, and for the first time 
untreated stocks were continuously extracted by the 
simultaneous counterflow of propane with a naphthenic 
solvent. Last year three plants were put into operation, 
having a daily output of Duo-Sol-treated oil of over 
6000 barrels a day, and construction was started on two 
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FIGURE 2 


Laboratory Extractors 
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other plants—one in this country and one in England. 
This year work has started on three additional Euro- 
pean plants, so that at present there are eight Duo-Sol 
plants in operation or in course of construction. The 
stocks treated in plants now in operation range from 
light distillates to residual oils of high viscosity, and in 
every case the quality and yield have duplicated the pilot 
plant operation. It is safe, then, to consider pilot plant 
as well as commercial runs in studying the perform- 
ance of the Duo-Sol process. 


FLEXIBILITY 


During the last two years the pilot plant has been 
kept in practically continuous operation, and in the 
course of that time some 75 stocks have been run. An 
idea of the flexibility of the process, as to the kind of 
stock that can be treated, is indicated by these runs. 
The stocks include distillates and residual oils. Oils 
varying in flash point from 375 °F. to 600 °F.—rang- 
ing from light overheads to a vacuum still tar having a 
viscosity of 1375 at 210 °F.; from a 29 API distillate 
to tars heavier than the naphthenic solvent; from highly 
paraffinic oils to stocks having viscosity-gravity con- 
stants above 0.95, and stocks derived from crudes not 
only from every important section of this country, but 
extending to oils from Venezuela, Iraq, and Germany— 
have been treated. This work has shown that, regard- 
less of the source of crude—whether high in wax, naph- 
thenes, asphaltenes or sulfur compounds—and regard- 
less of the type of fraction—whether distillate or resid- 
uum—the Duo-Sol treated oils have unusual stability, a 
low carbon residue—and even from such high sulfur 
stocks as Iraq, a sulfur content too small to be measured. 
The color improvement is so great that the treated oil 
may be brought economically to color by clay treatment 
without the use of acid. Wide latitude is permitted in 
the control of the viscosity index of the treated stock. 
For example, a California distillate which had a vis- 
cosity index of —5O was treated with different ratios 
of propane and naphthenic solvent, and produced oils 
ranging in viscosity index from 40 to 100. Further 
examples of stocks handled, together with yield and 
quality of finished oils, are given in Table 1. 
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NOTE.—Color indicated is that produced by Duo-Sol processing without color treatment. 


The ability of the Duo-Sol process to handle any 
lubricating oil fraction from any crude for the removal 
of unstable sludge forming material, for the removal of 
naphthenic acids, sulfur compounds, and those fractions 
which are of low viscosity index, without loss of good 
oil, is of major importance. Such flexibility permits a 
wide choice as to crude supply and great flexibility as 
to the quality of the oil produced. From the same stock 
oils of high, intermediate, or low viscosity index, or oils 
meeting special requirements as to stability, carbon resi- 
due, sulfur, and naphthenic acid content, may be pro- 
duced. The same plant without change in solvents may 
be used for increasing the viscosity index and stability 
of a distillate, for decreasing the viscosity and carbon 
residue of a residual oil, and at the same time increasing 
its stability, viscosity index, and improving its color. 
This reduction in viscosity of residual oils, through the 
removal of extremely viscous tars and resins, is becom- 
ing of greater importance as the demand for lubricants 
of lower viscosity increases. 


PRINCIPLE OF DUO-SOL PROCESS 


In order to understand the reason for the flexibility 
of the Duo-Sol process, it is necessary to consider the 
extraction principle involved (see Figure 3). The Duo- 
Sol process provides an extraction system in which two 
liquid solvents are employed, each having a limited 
miscibility in the other, and one a selective solvent ac- 
tion for the more paraffinic crude fractions, and the 
other a selective solvent action for the non-paraffinic 
fractions. A counterflow is established between the two 
solvents, and fo them the raw stock is fed at an inter- 
mediate point. At the feed point the stock is selec- 
tively dissolved by the solvents, and equilibrium estab- 
lished between the paraffinic and naphthenic layers. 
Equilibrium at the feed results in an enrichment o! the 
paraffinic layer by oil more paraffinic than the feed, 
and of the naphthenic layer by oil more naphthenic than 
the feed; but in each case the material dissolved is 4 
mixture—and if the products were removed at this 
point, the naphthenic layer would contain good paraf- 
finic oil with resultant loss in yield, and the parattinic 
layer would contain naphthenic material with resultant 

















FIGURE 3 
Duo-Sol Pilot Plant 


loss in quality. To recover the paraffinic oil contained 
in the naphthenic layer, equilibrium is established in two 
successive stages between the outgoing naphthenic 
layer and the incoming propane. To remove naph- 
thenic material contained in the paraffinic layer, four 
successive stages of equilibrium are established with 
the incoming naphthenic solvent. Counting the feed 
stage, there are seven stages of contact and equilibrium 
—of which four are effective in rectifying the paraffinic 
layer, and two effective in stripping the naphthenic 
layer. It may be seen that the Duo-Sol process employs 
a naphthenic solvent and a paraffinic solvent, and pro- 
vides an extraction system consisting of a feed section, 
a rectifying section, and a stripping section. The recti- 
tying section makes possible the production of oil of 
high quality, and the stripping section prevents loss of 
g00d oil. 

This was the Duo-Sol idea of five years ago, and it 
has resulted in providing to plant operation a flexibility 
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as to stocks handled and quality of oils produced that 
was non-existent before that time. 


CHOICE OF NAPHTHENIC SOLVENT 


In the selection of a naphthenic solvent to be used 
in conjunction with propane in the Duo-Sol process, it 
is necessary to consider a number of factors. 

The solvent should have a limited miscibility with 
propane in the presence of oil. It should not only have 
a high solubility for non-paraffinic compounds, but also 
some solubility for paraffinic material. The critical-solu- 
tion temperature should be in the range of 120 °F. to 
160 °F., so as to permit operation at normal tempera- 
tures and pressures. Its selectivity for naphthenic oil 
should be increased by the presence of propane. It 
must be stable not only during extraction, but also 
during recovery and storage. Its final boiling point 
should not exceed 425 °F. It should have a high 
specific gravity, so as to promote rapid separation be- 
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FIGURE 4 
Valve Chamber of Mack Bus Engine After 200 Hours Using SAE-60 Pennsylvania Oil—Process “A” 


FIGURE 5 
Valve Chamber of Mack Bus Engine After 200 Hours Using SAE-60 Duo Sol Oil 


FIGURE 6 
Cylinder Block Twin-Coach Engine—96 Hours, Duo-Sol Oil 
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TABLE 2 


Oxidation of SAE-40 Oils 














AFTER OXIDATION 
BEFORE OXIDATION 100 HOURS AT 350° F. 
Viscosi Carbon Migvery § Carbon Sludge 
Viscosity at 210° F. Residue at 210° F. Residue (Milli- 
CRUDE SOURCE PROCESS Index (Seconds) (Percent) (Seconds) (Percent) grams) 
Mid-Continent residuum.............. SUPE 5.555 Sas sae e Ri ekenee 100 76 0.33 85 1.12 None 
Mid-Continent overhead.............. Single Bolwetit pos. 56. eke 87.5 73 0. 84.5 1.45 

AVRO EV 5 0's 50 Sole spans Maan COMVOMULORN o's ois a5 5s as SES Fee 100 75 0.60 119 3.36 43 
EV ELINI 5.0 9:08 5 2.04. 5:d vote ogee woes EMS REGS KES HEROES wae dle 105.7 72.5 0.23 85 1.05 19 
SD, SRDS GC Hele o Wb KA TRE oR Commemtiewal. ssc. 3k es Fae 0 62 0.09 104 2.54 100* 





























*100 mg. after 41 hours. 


tween the layers. It should have a low melting point, 
so as to avoid crystallization during extraction or stor- 
age. It should be reasonable in price, and available in 
large quantity. 

A thorough investigation of organic solvents indicates 
that cresylic acid most nearly meets the above require- 
# ments, and this material is the chief constituent of the 
naphthenic solvent called ‘“Selecto” used in the Duo-Sol 
process. 

As a single solvent, it has found little use because of 
its low critical-solution temperatures with mixed-base 


stocks, and because of its relatively high solubility for - 


not only all of the non-paraffinic components, but the 
paraffinic as well. With highly naphthenic stocks, and 
with those of high specific gravity or high viscosity, 
separation is so poor as to make its use impractical, if 
not impossible. But with all its shortcomings as a single 
solvent, it has a very valuable characteristic when used 
in counter-current with propane—and that is its ability 
to take all of the non-paraffinic material into solution. 
Such paraffinic material as also goes into solution is of 
minor importance, since this is recovered by propane 
in the stripping section. 

It is also found that the simultaneous use of propane 
and cresylic acid improves the selectivity of extraction; 
for example, a dewaxed Oklahoma City residuum when 
batch-treated with 300 percent Selecto produces a 
paraffinic layer of 68.65 percent, which is made up of 
39.63 percent paraffinic oil and 9.02 percent naphthenic 
ol. When the same oil is treated with 300 percent 
Selecto and 300 percent propane, a paraffinic layer is 
produced amounting to 77.77 percent, which contains 
65.29 percent paraffinic oil and 12.48 percent naph- 
thenic oil. If the ratio of paraffinic oil in the paraffinic 
layer to paraffinic oil in the naphthenic layer is deter- 


mined just as the — ratio is determined in separation 
Xx 
Y 
by distillation, it is found that the — for the treatment 
x 
¥ 
with 300 percent Selecto is 2.48, while the — for the 
Xx 
lreatment with 300 percent Selecto and 300 percent 
propane is 3.49. Furthermore, it is shown that the yield 
by the Duo-Sol process is 70.60 percent, while by the 
single-solvent method it is 59.63 percent. Aside from 
the difference in yields, there is a decided difference in 
the quality of the two oils; as it is found that for oils 
of the same viscosity index the Duo-Sol-treated oil has 
a better color, a lower carbon residue, and a greatef 
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resistance to oxidation than the oil treated by the single 
solvent alone. 


° 
RESISTANCE TO OXIDATION 


As an indication of the stability of the Duo-Sol-treated 
oils, a comparison has been made between SAE-40 
Duo-Sol oils and other commercial lubricants of the 
same grade before and after an Indiana oxidation test, 
run in each case for a period of 100 hours. These 
tests, Table 2, show clearly that the Duo-Sol process 
produces oils which are not only high in viscosity index, 
but are extremely stable to oxidation as well. Further- 
more, it shows that the carbon residue of the unoxidized 
oil is no indication of the carbon residue after oxidation. 
For example, the single-solvent-treated Mid-Continent 
overhead with an initial carbon residue of 0.20 had a 
carbon residue after 100 hours of 1.45; while the Duo- 
Sol oil with a higher initial carbon residue had, after 
100 hours, a carbon residue of 1.12. Furthermore, the 
Pennsylvania oil with an initial carbon residue of 0.60 
had 3.36 after 100 hours. It should also be noted that 
the increase in viscosity and the amount of sludge pre- 
cipitated indicate a greater stability for Duo-Sol oils 
than for any of the other oils. 


PERFORMANCE TESTS 


While laboratory examination of the finished oils is 
of interest, the final measure of the quality of lubricat- 
ing oil is by actual use. The tendency of an oil to form 
and deposit sludge or carbon in an engine and the rate 
of oil consumption can only be determined by actual 
engine tests. Numerous engine tests have been made in 
which Duo-Sol oils have been compared with the high- 
est quality oils obtainable, and in every case it is shown 
that sludge and carbon formation and oil consumption 
are reduced. There have also been less wear and less 
sticking of rings and fouling of valves. 

Figure 4 shows the valve chamber of a’ Mack bus en- 
gine after a run of 200 hours using an SAE-60 Penn- 
sylvania oil refined by special process “A.” Figure 5 
shows the same engine at the end of a similar run using 
Duo-Sol-treated SAE-60 oil. By actual measurement, 
there was five times as much sludge deposited in the 
valve chambers by the special Pennsylvania ,oil than 
there was by the Duo-Sol-treated oil. 

Figure 6 shows the cylinder block of a twin-coach bus 
engine after a 96-hour run using Duo-Sol-treated oil, 
and Figure 7 shows a piston from the engine at the end 
of the same run. The remarkable cleanliness of the 
engine is apparent. 

In order to provide more extreme conditions, the 
single-cylinder engine illustrated in Figure 8 was devel- 
oped. In this engine the cylinder jacket is maintained 
at a temperature of 350 °F., using glycol in place of 
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FIGURE 8—Single-Cylinder Test Engine—Glycol-cooled. 
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FIGURE 9 FIGURE 10 FIGURE 11 
Test-Engine Piston—Pennsyl- Test-Engine—Synthetic Oil, Test-Engine—Compounded Oil, 100 Hours 
vania Oil, Process “‘A’’— 73 Hours 
100 Hours 


RIGHT 


FIGURE 12 
Test-Engine—Duo-Sol Oil, 100 Hours 


FIGURE 13 
From Jacobs Aircraft Engine—Pennsylvania Aviation Oil, Full Throttle, 50 Hours 














FIGURE 14 
From Jacobs Aircraft Engine—Duo-Sol Oil, Full Throttle, 50 Hours 











water for cooling. Various oils were used in campara- 
tive tests with Duo-Sol oil. 

Figure 9 shows the piston after a 100-hour run on 
Pennsylvania oil refined by process “A.” Figure 10 
shows the piston after.a run on a commercial synthetic 
oil, which run had to be stopped at 73 hours because 
of scormg of the piston and cylinder. Figure 11 shows 
the piston after 100 hours on a special compounded 
aviation oil. 

Figure 12 shows the four faces of the piston after a 
100-hour run with Duo-Sol-treated oil. 

Figure 13 shows the piston from a Jacobs aircraft 


engine run at full throttle for 50 hours with a con- 
ventionally-refined Pennsylvania aviation oil. Figure 14 
shows the same piston at the end of a similar run using 
Duo-Sol oil. 


CONCLUSION 


In conclusion, it may be said that the Duo-Sol process, 
by providing a‘new ‘principle of solvent extraction, has 
made possible the production of higher quality oils, and 
has greatly extended the field of solvent extraction by 
making possible the treatment of any lubricating oil 
stock from any source. 
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The Refining of Lubricating Oils 


With Furfural 


G. R. BRYANT, R. E. MANLEY and 
B. Y. MceCARTY 


The Texas Company 


HE development of the process employing 

furfural as a selective refining solvent in the 
manufacture of lubricating oils of improved service 
characteristics was discussed in a paper presented at the 
Fourteenth Annual Meeting of the American Petro- 
lum Institute in October, 1933.%* In this paper it 
was pointed out that the ideal refining solvent 
should effect separation of extract without loss of 
raffinate constituents, should be stable at the maxi- 


mim distillation temperatures employed in strip- . 


ping, and should be applicable to even the highest 
viscosity oils at temperatures high enough to obtain 
intimate contact and rapid separation of extract 
and raffinate solutions in a continuous counter-cur- 
rent application. It was pointed out that the solvent 
should be available in large quantities at a low cost, 
and should be relatively non-toxic. 

Immediately after the laboratory development had 
been reported, a commercial plant was completed, 
and has been in successful commercial operation 
since December, 1933. This article deals specifically 
with the commercial application of furfural in the 
refining of distillate-lubricating stocks derived from 
Mid-Continent crude. 

The original work on furfural refining was covered 
in U. S. Patent No. 1,550,523, issued to Eichwald.? 
This patent discloses broadly the use of furfural for 
the purification of hydrocarbon oils. During the year 
1931 laboratory work was started to establish the 
commercial possibility of furfural as a selective re- 
ining solvent. This work was continued through 
1982 and 1933, and a plant was designed and in- 
stalled in the refinery of Indian Refining Company 
t Lawrenceville, Illinois, being completed on No- 
vember 8, 1933. The plant has been in practically 
continuous operation at full capacity since that date. 
It has handled exclusively distillate oils derived 
irom pipe line Mid-Continent crude by vacuum dis- 
tillation. The oils have ranged in viscosity from 40 
sec. Saybolt at 210°F. up to 180 sec. Saybolt at 
210°F. These oils have been solvent-dewaxed with 
acetone-benzol after furfural refining, and subjected 
to finishing operations for the production of a suit- 
able color and cast. 


DESCRIPTION OF PLANT AND OPERATION 


Figure 1 is a flow diagram representing the most 
up-to-date design of a furfural refining unit. 

The flow illustrated in Figure 1 has embodied cer- 
tain features not included in the Lawrenceville p.ant. 
The changes to be made in the newer installations 
have resulted from a more complete study of solvent 


_ 


*Figures refer to biblicgraphy on p. 11. 
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HIS paper describes the operation and develop- 

ment of the furfural refining process as applied 
commercially to the manufacture of high quality 
lubricants from distillate stocks derived from Mid- 
Continent pipe line crude and ranging in viscosity 
between 40 sec. and 180 sec., Saybolt Universal, at 
210°F. 

The most recent design of a furfural refining 
unit is described, and a flow diagram presented. 
Operations are considered from the standpoint of 
solvent losses, investment in equipment, operating 
costs, and product quality. 

Solvent losses have been 0.038 percent of the 
total solvent distilled in the commercial unit. 

Direct operating costs have been approximately 
$0.1739 per barrel of charge to the furfural refin- 
ing unit. 

Investment costs vary hetween $70 per barrel 
of daily capacity for the 5000-barrel units to about 
$300 per barrel for a 500-harrel plant. 

Lubricants manufactured by furfural refining 
have given excellent service performance, and have 
shown unusually high resistance to oxidation and 
sludging. 

Pilot-unit tests are shown illustrating the applica- 
tion of furfural refining to a variety of lubricating 
stocks. 

This paper was presented at Fifth Mid-Year 
Meeting, American Petroleum Institute, Tulsa, May 
16, 1935. 





recovery and stripping operations, and these changes 
have not affected the basic principles in any way. 


The plant consists of the following main operating 


units, as shown in the flow sheet: 


1. A vertical counter-flow extraction tower with 
pre-heaters and exchangers for furfural and charge oil. 


2. Extract-stripping unit for two-stage dry distilla- 
tion of furfural from extract solution followed by 
steam stripping under vacuum for removal of final 
traces of solvent. 


3. Refined-oil stripping unit for vacuum distillation 
of furfural from the refined-oil solution followed by 
steam stripping under vacuum for removal of final 
traces of solvent. 


. 4. A solvent-recovery system for recovery of furfural 
from water. 


The unique feature of this plant is the installation 


and successful operation of a packed counter-flow . 
extraction tower. The use of a counter-flow extrac- 
tion tower instead of a large number of stages in 
step counter-flow has been proved to be advantage- 
ous from the standpoint of plant investment in 
equipment, simplified operation, reduced operating 
and repair costs. 


The high temperatures of application of furfural 
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FIGURE 1 
Flow Diagram—Furfural Refining Plant. 
and the difference in specific gravity between extract minimum, and about 270-280°F. maximum for high 
and raffinate solutions permit counter-flow operation viscosity paraffinic oils. 
in a packed tower as well as counter-flow applica- Temperature gradient has been found to be de- 
tion in multi-stage. Not only are settling rates of cidedly advantageous in effecting the desired frac- 
furfural in oil very high, but furfural selectively wets tional separation of extract and refined oil; and, in 
Stoneware packing, spreading over the surface of general, it has been found that top tower tempeta- 
the packing in a thin film, and offering a large sur- tures determine quality of refined oil, while bottom 
face of contact at the interface between the two tower temperatures establish yields. 
liquid phases—thus permitting the two phases to The extraction tower is packed with about 20 feet 
approach equilibrium quickly. The high operating of raschig rings, with re-distribution means at about 
temperatures insure a low viscosity in the oil phase each four feet of packed tower space. Charge rates 
and a low resistance to the attainment of equilib- should average about 35 gallons of charge oil per 
rium. hour per square foot of over-all tower cross-sectional 
It should be emphasized that furfural is equally 
adaptable to both counter-flow-tower and step-coun- 
ter-flow operation. Either system may be used—the 
choice depending upon the economics involved, the 
flexibility desired, and the likes and dislikes of the PROPERTIES OF FURFURAL 
: ‘3 Structural formula: 
individual refiner. ; H—C—C—H g 
Referring to Figure 1, raw lubricating stock is ae | See 
: H—C C—C—H 
charged at a constant flow rate to the bottom of the 7 
furfural treating tower through a heater in which ‘i ik as iad oO oil 
: : : oiling point, - at _ Ay reagan irene rime araee Ser ar” 
temperature is regulated to the desired point. Tem- ean aie ORs. <A. Shits, ie wa —_34 
peratures range from about 130°F. minimum for low — wana age ape OR RIS TTT ee EE ed i 
a *. eo) ° : inematic viscosity at 100°F. (centistokes)............. B 
viscosity or naphthenic oils to 220°F. for the high Seeciice heat (G0°R. em ZIS TKD she vc cvs ced cdo eus 0.416 
viscosity paraffinic oils. Heat of vaporization (29.9 in. mercury) B.t.u. per Ib..... 1935 
: pe Vaper -pertethe 6 200P Rs attest . oi 8 OE BR icin SG 
Furfural iS charged through a heat exchanger, Tagliabue closed-cup flash, °F........5....0.. cece ee 138 
where heat is recovered from the hot solvent-free Solubility of furfural in water at 100°F., percent by weight 8.96 
. . ses. ° 
refined oil; thence through a live steam heater pcre Apna ig gi gn le edeea ef a 
A As Critical pressure, lb. per sq. in., absolute............... 798 
where temperature is regulated to the desired point 
—for low viscosity or naphthenic oils about 160°F. — 
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area, although rates as high as 70 gallons per square 
foot per hour have been used without excessive me- 
chanical entrainment of solvent with refined oil. 

Provision may be made for external cooling of 
extract mixture more completely to fractionate re- 
fined oil from extract. This may be accomplished by 
withdrawal of extract mixture through a cooler and 
re-introduction of the cooled mixture into the lower 
section of the extraction tower. The use of an ex- 
ternal cooler is particularly desirable where high 
ratios of solvent to charge oil are employed, in order 
to keep yields of refined oil at a maximum. 

Extract mixture and refined oil mixture are with- 
drawn from the bottom and top of the extractor, 
respectively. Levels are controlled by a duo-gravity 
float in the bottom, the continuous phase in the ex- 
tractor being the oil phase. The separate layers are 
received in separate surge vessels upon which the 


extract mixture charge pump and refined-oil mix- 
ture charge pump take suction. The mixtures are 
stripped in the respective solvent recovery systems. 

The refined oil mixture is stripped by flashing the 
solvent from the heated mixture into a vacuum. The 
amount of solvent passing through this part of the 
equipment averages about eight percent of the total 
solvent used. The amount of solvent remaining in 
the oil after flashing averages about 0.4 percent by 
weight, and this amount is removed by steaming 
under a vacuum of about 24 inches of mercury in a 
steam stripping column. The furfural and water 
vapors are condensed and pumped to slop solvent, 
while the dry solvent from the dry vacuum system 
is pumped directly to recovered solvent for re-use in 
the furfural treating tower. 

The extract mixture is stripped in three stages in 
order to effect a fuel economy. The first step consists 











FIGURE 2 
Furfural Refining Unit, Indian Refining.Company, Lawrenceville, Ill. (Looking North). 
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FIGURE 3 
Furfural Refining Unit, Indian Refining Company, Lawrenceville, Ill. 
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(Looking southeast). 








in vaporizing at atmospheric pressure about 50 per- 
cent of the solvent in the extract mixture. The vapor 
from this operation is used to heat and evaporate 
most of the remaining furfural in the bottoms under 


vacuum, in the second stage. Circulation through 
the heater effects the evaporation of all but the final 
trace of solvent. Extract from the circulation is bled 
to a vacuum steam stripper, where about 0.4 to 0.5 
percent by weight of furfural is removed. The 
vapors from this steam stripper are condensed to- 
gether with vapors from the refined oil stripper, and 
the combined condensates pumped to slop solvent. 
Dry solvent from the extract vacuum stripper, to- 
gether with dry solvent from the refined oil stripper, 
is condensed in a common condenser, and transferred 
from the receiver to the recovered solvent tank for 
use in extracting more oil. 

Slop solvent is pumped to a separate tank from 
which the slop solvent pump transfers the furfural 
layer through the solvent drier and the water layer 
to the fractionator. The fractionator consists of three 
separate sections—the stripping section, the frac- 
tionating section, and the separating section. Steam 
is introduced to the bottom of the stripping section, 
and all vapors are condensed at the top and returned 
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to the separating section—where wet furfural layer 
is continuously removed through a cooler and ex- 
ternal separator. Furfural-saturated water is con- 
tinuously returned to the separating section, while 
water-saturated furfural is run to the solvent drier. 
The design and operation of this type of solvent 
fractionator were described by Mains.® 

The solvent drier is a simple device in which wet 
solvent is heated to 310°F. for removal of water. 
Water vapor and furfural vapor return to the frac- 
tionator, while dry liquid furfural is run to the dry 
solvent accumulator for re-use. 


SOLVENT LOSSES 

Due to the fact that furfural goes off color when 
handled in open laboratory equipment, question has 
arisen concerning its stability. A careful investiga 
tion of this subject in the laboratory prior to the 
plant construction demonstrated that the actual 
amount of furfural involved in the color reaction was 
minute, and that solvent losses in a properly de- 
signed plant should be well within the economic 
limit. This conclusion has been definitely substat 
tiated in plant operation. 

In a closed system in plant operation the solvent 
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TABLE 1 
Average Furfural Losses 











(Plant Operating Data) 
Percent | Gallons 
Furfural | Furfural 
Total Total Loss Lost Per 
Barrels Barrels | Gallons (Basis | Barrel of 
Oil Furfural | Furfural | Furfural Oil 
PERIOD Treated Used Loss Used) Charged 
yg1gd to 6-4-34...| 79,873 | 152,765 | 3,243 0.0505 | 0.0406 
§-4-34 to 8-14-34... 84,228 159,612 2,889 0.0431 0.0343 
3-14-34 to 11-12-34. 100.753 212,420 2,251 0.0252 0.0223 
Total for period 
331-34 to 11-12-34.| 264,854 524,797 8,383 0.0380 0.0316 




















remains a very light yellow color, and plant losses 
have been very low—even though recovery tem- 
peratures as high as 600°F. have occasionally been 
reached. Table 1 gives solvent losses in plant op- 
eration as determined by actual inventories over an 
eight months operating period. It will be noted that 
the losses have gradually decreased as line leakage 
and other defects inherent in a new plant have been 
corrected. During the initial stages of operation, 
contamination of the solvent with water from a 
broken condenser tube and other operating diffi- 
culties made initial losses rather high. Correction of 


these difficulties has reduced the solvent loss to only. 


0.025 percent of the total furfural used, as deter- 
mined by plant inventory over the operating period 
of August 14 to November 12, 1934. 

In the Lawrenceville plant the solvent is recovered 
approximately eight times in each 24 hours of opera- 
tion. Recovered solvent is of better quality than new 
solvent due to decreased organic acidity and im- 
proved color. Recovered furfural is tested daily for 
moisture content and percent of oil. Moisture is 
kept below one percent by weight. 


INVESTMENT AND OPERATING COSTS 

Furfural refining plant installation costs are de- 
pendent to a large extent on each refiner’s individual 
problem. In general, the initial investment for fur- 
fural refining is relatively low, ranging from about 
$300 per barrel of daily charge capacity for units 
of 500 barrels per day capacity to about $70 per bar- 
tel of daily charge capacity for units having a daily 
charge rate of 5000 barrels per day. 

Due to the relatively simple extraction tower, in- 
vestment costs are lower than would be the case 
where step-counter-flow equipment is required. 
Plant design is likewise adapted to the efficient 
utilization of recovered refinery equipment. 

In Table 2 are presented the labor requirements, 
utilities requirements, and average operating condi- 
tions of a commercial furfural refining unit having 
anominal capacity of 1350 barrels of Mid-Continent 
distillate (all grades) per day. 

Labor requirements are based on actual operating 
conditions at the Lawrenceville plant, where the 
operating foreman and shift foreman handle other 
operations in addition to the furfural refining unit. 
The labor requirements are sufficient to take care 
ota much larger unit, and unit labor costs on a 
larger plant would be reduced practically in pro- 
portion to the production. 

In the Lawrenceville plant all pumps are steam- 
driven, exhaust steam being credited for use in other 
Parts of the refinery. Due to the use of steam, 
tlectric power costs are low. A circulating water 
system with a cooling tower is in use which re- 
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duces the water requirements to evaporation and 
mechanical loss requirements. 

The average operating conditions are those in use 
at Lawrenceville, but do not necessarily represent 
the optimum conditions for a Mid-Continent distil- 
late. Production requirements, which have forced 
operations well above rated capacity, have necessi- 
tated changes in operating conditions from what 
would be used under normal conditions. 


TABLE 2 


Furfural Refining Unit 
Labor Requirements: 























Hourly Daily 
Labor Hours Rate Cost 
Operating foreman.................: 4 $1.50 $6.00 
EEt MONOMNIMES osc 6 dex vs5s cadens oo 8 1.25 10.00 
en SRO ROR y Se Ry La, YP aera 24 0.90 21.60 
EE BE EE APE RL ABER LLG TG 24 0.75 18.00 
Ne Aen LNs eee cater Wh ee ee 3 0.55 1.65 
RIED 5 bab hiidisine porare ons ies on $57.25 
Utilities Requirements: 
DOE ss 6 isk ees ervemciers 0.0443 bbl. of fuel per barrel of charge. 
OPTI SO OR MELEE ES 151 lb. per barrel of charge. 
Water pumping............. 0.943 kwh. per barrel of charge. 
Average Operating Conditions—Wax Distillate No. 40. 
Stock: 
eT DN he FERS ay A ae eo ee 120 
Temperature of oil charged to counter-flow tower, °F........... 195 
Temperature of furfural charged to counter-flow tower, °F....... 255 
Temperature top of towers OF aici eos o's soo 0 Se oo Vieblexwalee eh a0 235 
Temperature bottom of tower, °F........... hen vii. vi ee igwsRs 200 
Ratio of furfural to oil charged by volume..................... 1.97 to 1 
Fuel distribution: Extract, percent................2000005 77.02 
ee EES EGE Tee ENE Te 22.98 
Plant charge rate (42-gal. barrels), bbl. per day............ 1,330 
Furfural loss (average), percent of furfural-used..............4. 0.0380 








Table 3 gives a detailed statement of operating costs 
for a typical operating month. Total direct operating 
expense amounts to only $0.1739 per 42-gallon barrel of 
charge. . 

TABLE 3 
Operating Costs—Furfural Refining Unit 
(Exclusive of Royalties) 








Unit Cost 
(Basis Barrels 
of e) 
Croneehiiee Ta Ge . i.4 oa. 5. 4 vainin 6h eaisibn gation ad ORES $0.0366 
Material, supplies, and others...........0.4.0.00-000- 0.0033 
I a oad vs we chs Sra race be joen kee anha bias ne 0.0496 
Steam, power, and watete i. oes oes aen abe 0.0493 
Total operating us. v5.60. 0 cb ko cable il Haws ss the $0.1388 
EE TOE os. 4.5 ho hiked od 3 Rae he PASE EERE ee ee 0.0020 
Material, supplies, and others.................0000005 0.0026 
DObGs MEE cos artcehh bab eed 4a nn tes eee 0.0046 
PertOrer SOU 55 A) I A es Bas es Bees 0.0305 
Total direct expense, per barrel...........00.0 ee eeeee ‘ $0.1739 








It is felt that the low operating costs are quite 
satisfactory; and, in the case of the Lawrenceville 
installation, have resulted in a finished solvent re- 
fined oil at a lower direct cost than when the oil was 
acid-treated only without the use of solvent. This 
decrease in cost has resulted in part from generally 
improved and simplified processing operations and 
from the increased value of extract over acid sludge. 


TESTS ON FURFURAL REFINED OILS 

In Table 4 is presented a tabulation illustrating 
the tests on the raw lubricating stocks, together with 
the results obtained in the furfural refining plant 
operations. Tests also are shown on the same oils 
dewaxed by the acetone-benzol process. 

Attention is called to the fact that this plant is 
operating at present in the production of oils having 
viscosity indices and other characteristics which are 
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TABLE 4 
Furfural Refining Mid-Continent Distillates 














Light Heavy tra-heavy 
Mid-Continent Distillate Mid-Continent Distillate Mid-Continent Distillate 
Dosage furfural in, per cent by volume.... 191 190 191 
Temperature tower top, ° F.............. 200 235 240 
Rs py a tower bottom, ° F........... 170 212 220 
Vield raffinate, per cent by volume....... 77.0 72.5 66.5 
Yield extract, per cent by volume........ 23.0 27.5 33.5 
Pal 
+ * ‘ 
Raw Raffi- Ex- | Wax-free| Raw Raffi- Ex- | Wax-free| Raw Raffi- Ex- | War-free 
INSPECTION Charge| nate tract | Product | Charge! nate tract | Product | Charge; nate tract | Product 
i Sid whit, ca-e'0'G 5 '0ra's.0 spine 5.6 30.8 11.2 28.6 23.1 28.6 10.7 26.5 20.8 27.1 10.3 26.2 
Flash point, Cleveland open cup, ° F...... 440 40 ved 46 £00 510 $435: 505 550 550 as 555 
Fire point, Cleveland open cup, ° F....... 510 510 At 510 580 575 tS 580 625 625 cts 630 
Viscosity at 100° F., Saybolt Universal. ... Pots sat 298 1,300 6E Te 932 5,000 1,220 a 1,697 
Viscosity at 130° F., Saybolt Universal.... 141 110 ahs pre eat 281 To mea Bes ats ang 635 
Viscosity at 210° F., Saybolt Universal. ... £0 48 81 52 87 72 247 82 176 102 70 112 
Furol 
Carton residue, percent................. 0.27 0.03 ade 0.04 1.40 0.14 iw 0.25 3.70 0.40 Ae 0.35 
| ELS OS SR ae rae oa acc Black 100 ae 6 coh ne 40 Black age so 3 Tag. 
‘6” cell) (%4” cell) 
Lovibond Lovibond 
Deer perme (ABI), °F. wk... i ccc eee £0 100 an —5 110 115 eae —5 +80 120 Sa —5 
EL. a)s ain einige oVKbb Owed oes 72.5 105 ai 95 64 97 eet 87 54 97 coe 85 









































* Oils are finished with three to seven pounds of acid per barrel contact-filtered and dewaxed by acetone-benzol process. 


TABLE 5 


Furfural Refining for 


High Viscosity Index 











(Pilot Unit Operation) 
IC Tg FN ic ae dp bee's Wels s Sec ebb dk SCM ECs ceed vases 292 
IIT ON SR ra eg ig css sd 4 6c eee p abe pedow suypedes« 243 
ie Sat ee ee age ek EA by eV be Sse nts ccc sceuceceCcwnecsees 229 
a Cg ike edb bins bs Codec ce cacabeeecscccnebecs 51.3 
* 
Raw Treated 
INSPECTION Charge Raffinate Extract Raffinate 
Mt SS acutng ced eae S oct uecceslo ses pedcrocpesccausecen 21.3 29.4 13.1 29.6 
ee Ca wah ep wescee S600 00 ssn seevosbendecduesiecevntby 465 480 rat 500 
nn a id. b aut ais oe 4 pias bg.06 60 Nb 6040's 00d ee Seedee es 555 570 vee 565 
Lk. Sy sinew clans eselehe6s Cebcecvesctesevebivdecere ae 520 ire 500 
eae ae dé b 0:0\b buleie os mees wmiiemcnndewes 444 235 483—160 233 
Viscosity at 210° F., 3 aR ee er os oodiaieabebaldeale een a > 80.5 65 128 66 
Pour point (ASTM), ° ei ning ed wien. 0 .0Walcemo ab ke'cepeee —10 —5 Pre —5 
a cca dag wnlnano cae cates bas tb sect ce ncecos cdbesbceesye \ Tag 30 ( 14” cell) Black 15 (6” cell) 
Lovibond Lovibond 
ec A A ga re i Welds wtb Me ask.0'<-eivie.ary © 0'6;4.0:6 Vewege ree dae = 0.69 0.03 1.90 0.02 
Rt wea be eee epacehaseccbewendeesecceaces 53 98 eins 103 
RD ce ee genie Ging os owee eb ae cs obs edielg seléaviesee seen 0.862 0.801 ed 0.802 

















* Finishing treat, five pounds 98 percent acid per barrel, contact-filtered with seven pounds of clay. 


considered at present to be satisfactorily high for 
superior performance in service. Increase in solvent 
dosage and modification of operating conditions 
would result in higher viscosity indices. It is noted 
that the viscosity index of the low viscosity oil in- 
sures easy starting in cold weather; while the oxida- 
tion tests in Table 7, on both light and heavy oils, 
indicate their exceptional resistance to sludging and 
other deterioration characteristics of high-tempera- 
ture operations. It is noted that the yields obtained 
are particularly high due to the degree of selectivity 
of furfural as a refining solvent. A further sacrifice 
in yields and increased cost of operation is not con- 
sidered justified at present for the doubtful ad- 
vantage of a few points increase in viscosity index.® 

The finishing steps employed in manufacture of 
low pour test solvent-refined lubricants consist in 
acid-treating raffinate with two to five pounds per 
barrel of 98 percent acid, contact neutralizing with 
four to 12 pounds per barrel of contact clay, and de- 
Waxing with acetone-benzol to a pour test below 
0°F. The light acid treatment is considered more 
efficient and economical than straight percolation or 
contact filtering, although a satisfactory product can 
be made by the latter methods using no acid. 

Road tests conducted on furfural refined oils have 
confirmed the laboratory tests made on these oils; 


and in service the furfural refined oils show much 
less carbon deposition and sludge formation, with 
slightly less consumption, and less change. of vis- 
cosity in service, than high viscosity index oils which 
have not been refined by solvent means. 

The ability of the furfural refining process to pro- 
duce oils having a viscosity index of above 100 has 


TABLE 6 
Oxidation Tests, Furfural Refined Oils 






















Furfural- | Furfural- 
refined re 
No. 20 No. 40 
OE OO EA IOE PAT EREVAN Ge Le 29.1 27.9 
Flash point, Cleveland open cup, °F...............00: 435 490 
Fire point, Cleveland open cup, °F..... ne 495 
Viscosity at 100° F., Saybolt Pay 317 716 
Viscosity at 210° F., Saybolt Universal. A 52.5 72 
EG, ols 5. d:ce'a bw Ch Pao ho e'0 - 89 87 
rc Oca nas wks kos 204% t4s Be —5 —5 
Carbon residue, percent......... a 0.04 0.12 
Sligh oxidation No................ oe 0.5 0.80 
SME NN Do a Phy Wiccan eta caus stud cokes 0.09 0.04 
German method tar-forming No..................0-- 0.06 0.04 
Clear Clear 
trans- trans- 
parent pares 
Appearance of heated oil after cooling red oil red oi 
Sludge insoluble in benzine..................0ecee00- None None 
Separation of sludge after heating with sodium hydrate} None None 
Standard Oil Company (Indiana) oxidation test* 05 
Hours for 10 mg. sludge per 10 g................. 68 i: 
Hours for 100 mg. sludge per 10 g................ 124 a 
I, TI 5s Sohn Seeks bcs de Sok Resend s 166 1 5 
Viscosity at 210° F., Saybolt Universal, after period 65 9 
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TABLE 7 
Pilot-Unit Runs of Typical Stocks 















































0IL SOURCE Pennsylvania Steam-refined Residuum 
nei SE UR MPI 9 6 6 So 6 obo wl Ss 4 6 do Bed 80.5 6 Woke ae nlo eh aa deeds SRE as OSs end oo 276 
Peerature ST Bk bas snp cas Oh os Kea Wiss Ob a MONE Che Rhee was dos Bien Sagan oe as ame 249 
entre DOGKGND LOWE FE i.e ie eee ea tg vee vb As NERA Veep VEE CET TEUE TT NPT 232 
SE SRSOM RS WENO Sao oes 94.5 wins Sia oe Lebie't.n oc oak ed aiane 5 Vs Ho) a Hema ne COREE SC EH 84.2 
ORILNE WE OUI 66.055 9.080 bcc ewe his cede a bens PUES Ns mdb ne Kodo seo Kap ade Fea bney 15.8 
Contacted 
Refined Oil 
35 Lb. Fittrol 
Charge Refined Oil Extract Per Barrel 
AE oss gia thdia da 04 gi en ba Beets. yale's p GER Ma pCLa OSE Mode S beds HAND aT ake eek 25.1 27.8 12.1 28.2 
niet Cen MUON HUMINT Bao i5. 5-5. b-e: ie 9 <:9'6c:d OG aisieie apd Se cesidg abel ae NERS seaweed 560 550 eas 560 
neh, CAO RO CU Mee oie itary ns Puse's 3) oso cca PORTE E piped eb a ghd aneitnan,s te eee 640 640 635 
ge OR ae ee arene. seamen weet, wae nr aera re Py 1,790 1,900 
G0. SE rs RS ON ea. 5 5a 'w. Sie fs pumperctciersc eounlae idan « 0c'eoNee eau seen 955 750 770 
es EU Wag WR. MI WUNOE Soo sk bc ooo os cn ewe ch ope he edna pe beCaane ote e ee * 162 147 142 \ 
OS TMs os Sead. 2s Baia gee adds oS gS IIMs CY Sint = Uh db cidgioa Adee stew Ohh ss 6a Ae dam andes 35 Poe 45 
INN I gn 5: 5/0 5456 Ring ib whe,« Aop'id Doaphce A-ocy 4. uete la # ae BME SAIS Se ORES 3.06 1.41 1.14 
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I as 5. a 5 alate o unteithsememe ae ths sam uaadea ete SA DERE Ts Oo eee eer at 113 107 
anne de RR ree ak leh re re AEE DE ere nh il ian: ee phe 0.799 0.797 
0IL SOURCE Pennsylvania Neutral Gulf Coastal Distillate 
Percent furfural by volume..................... 197 206 
Temperature top tower, ° F..................... 200 195 
Temperature bottom tower,° F................. 172 175 
Percent raffinate by volume..................... 86.0 63.3 
Percent extract by volume...................... 14.0 36.7 
Refined Oil Refined Oil, 
Charge (Refined Oil| Extract Dewaxed Charge /|Refined Oil) Extract | Contact-filtered 
ith: rtp ties dais cals tapi beFong es 30.8 33.5 16.7 32.2 18.8 24.0 10.6 24.0 
Flash point, Cleveland open cup, ° F ia 420 420 420 425 480 450 460 475 
Fire point, Cleveland open cup, ° F.............. 475 470 475 480 535 525 525 535 
Viscosity at 100° F., Saybolt Universal........... 152 136 705 159 1,810 950 bas 915 
Viscosity at 210° F., Saybolt Universal........... 44 44 58.5 45 82 70 152 70.5 
I i a i ahs sw -anglvurain ala ce Bede bikes 75 70 50 0 a) 0 pie —5 
CUI, DUONG. os isc vec cccaecabeese 0.06 0.02 0.90 0.02 0.14 0.04 110 0.04 
Ns el A eee gs {th wha bee mails aS: ree ‘% 200 4% Tag- et Black 120 
(6” cell) Robinson sie (6” cell) 
Lovibond Lovibond 
I Ei nae et hie 8 ay el dla ke weal we 104 123 +11 111 —3.5 52 
Viscosity-gravity constant...................66- 0.818 0.803 stata 0.808 0.881 0.844 
NE ENS 4 3 leds, od eracnate dw ee a aca bes ren waite vai 90 
eee toh a ulcmtivn und ere Roca Pie aibe ae 1,620 
Navy emulsion: 
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been clear 
tower run 


futal refining of a wax-free heavy distillate stock 


dewaxed i 


In furfural treatment of dewaxed 180 viscosity (at 
100°F.) pale oil from Pennsylvania stocks, viscosity 


indices of 


with excellent yields of product. 


APPLICATION OF FURFURAL TO VARIOUS 


Although the furfural refining plant at Lawrence- 
ville has operated on Mid-Continent distillates only, 
many pilot unit runs have clearly established the 


ly demonstrated in pilot unit counter-flow- 
s. In Table 5 are shown data on the fur- 


n the raw state prior to furfural refining. 


120 (Dean and Davis) have been obtained 


ment in viscosity index and carbon residue. 


LUBRICATING STOCKS 


application of furfural to a very wide variety of 
lubricating stocks. In Table 8 are shown the results 


of pilot unit runs in refining the following typical 


stocks : 


The results shown in Table 7% on Pennsylvania 
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residuum indicate the removal of undesirable con- 
stituents with good yields of refined oil. The action 
of furfural on steam-refined Pennsylvania stock ren- 
ders this stock much more susceptible to clay filtra- 
tion to a given color specification, and lowers the 
carbon residue. 


On the Pennsylvania neutral oil, high yields of re- 
fined oil are obtained with a considerable improve- 


On Gulf Coast distillate reasonably high yields of 
high quality refined oil are noted. Without acid 
treatment the viscosity index has been increased 55 
points, and with only a light clay-contact treatment 
the product has excellent demulsibility tests. 


1 Manley, McCarty, and Gross, “Refining of Lubricating Oils by Solvent 
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Laboratory Distilling Apparatus 


(Continued from page 282) 








at 2 mm. For reduction to higher viscosity, more 
Satisfactory results are obtained by the use of a small 
amount of steam. When steam is used, it is necessary 
to connect the jet-condenser system of the flash 
vacuum unit into the vacuum line between the dis- 
tillate receiver and the vacuum pump. Permanent 
connections have been made for this purpose so that 
the change from dry to wet vacuum can be made by 
manipulation of three valves. 

In order to determine the relative fractionating 
efficiency of this unit, a proportionate blend of the 
distillates from a commercial vacuum unit was made 
as follows: 


(Percent) 
Vacuum gas oil ........ SEE ERR Np 15.9 
ctgnt was: destillate......cccecvec eee. 44.2 
BRUNET WEN GIStIAES 4 oe so c-ncivic cee ws 17.6 
Overhead cylinder stock ............ 22.3 


The above blend was distilled in the laboratory unit— 
taking overhead the gas oil, light wax distillate, aid 
heavy wax distillate, and leaving the cylinder stock 
as bottoms. Table 5 gives a comparison of the assay 
distillations, gravities, and yields of the products ob- 
tained with those of the original oils before blending. 
It will be noticed that closer cut fractions are ob- 


tained from the laboratory unit than from the com. 
mercial unit. The greater sharpness of the cut be. 
tween heavy wax distillate and cylinder stock js 
particularly noticeable. 


CONCLUSION 
While no claims for originality are made. it is be. 
lieved that each of the four distilling units described 
in this paper embody features which may be of in- 
terest to others engaged in this type of work. With 
the exception of the pumps and motors, the entire 
equipment can be constructed at reasonable cost in 
any refinery equipped with a machine shop and 
welding facilities. Although the units were designed 
primarily for crude oil evaluation, each one has been 
used for a variety of purposes in connection with 
research and development problems. j 
Additional equipment has also been constructed 
for treating, dewaxing, and contacting lubricants so 
that the various distillation products may be refined 
to finished products in quantities sufficient for all 
analyses and tests necessary to determine their 
quality. 
BIBLIOGRAPHY 
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Fuel Specifications for High-Speed Diesel Engines 


(Continued from page 241) 





the Diesel engine just as tetra-ethyl lead is used to 
prevent detonation in the gasoline engine. Hubner 
and Murphy state that the use of the known fuel 
dopes will be restricted because: 


1. Ethyl nitrate and amyl nitrate are too expensive. 
2. Acetaldehyde is too volatile. 
3. Benzaldehyde decomposes too rapidly. 


POSSIBILITIES OF IMPROVING FUEL 


The refiner has the broad possibilities of taking a 
cracked distillate, or whatever may be left over from 
the refining of the more valuable products such as 
gasoline, and making it into a good Diesel fuel. It 
may require some chemical changes; and in order 
better to understand the fuel, it will require careful 
combustion studies. The difference between rough 
and smooth operation is a matter of what happens 
in the combustion chamber during the few thou- 
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sandths of a second after the beginning of fuel in- 
jection. 

Combustion in the Diesel engine is commonly con- 
sidered as taking place in three states: First, a delay 
period—during which fuel is being injected, but no 
pressure rise occurs due to combustion. Second, the 
pressure rises rapidly out of control. The greater the 
delay period, the more severe will be the shock due to 
this rapid pressure rise. Third, the remainder of the 
fuel is injected and burned under control. Mr. Rose of 
the University of Wisconsin has developed an ind 
cator which permits a detail study of these periods. 
He has found it possible to sub-divide the period of 
the first phase of coOmbustion into two distinct 
periods, by determining ‘the point at which combus- 
tion actually begins. One of the greatest needs # 
the present time is better correlation of laboratoty 
information on Diesel fuels with service tests ™ 
the field. 
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Analytical Solvent 
Fractionation of Lubricating Oils 


ULRIC B. BRAY, RALPH C. POLLOCK 
and DAVID R. MERRILL 
Union Oil Co. of California, Wilmington, Cal. 


i IS well recognized that lubricating oils obtained 
from petroleum are complex in composition, and 
that the usual physical and chemical tests give aver- 
age values for the oil as a whole, rather than informa- 
tion on its range of composition. Distillation, fol- 
lowed by application of the usual tests to the respec- 
tive cuts, extends our knowledge of the composition 
of the oil; but at best this type of segregation of the 
oil into component fractions effects a grouping of the 
components only as regards boiling points or molec- 
ular weights, and fails to give a clear picture of the 
chemical make-up of the oil. 


The use of solvents to effect a separation of hydro- 
carbon oils into components of varying chemical 
types has been studied by many investigators’ * * dur- 
ing the last 30 years, and the literature on solvent 
extraction is now quite voluminous. The work of the 
earlier investigators was not particularly successful, 
largely because of using unsuitable solvents and ap- 
plying them to stocks of excessive boiling range. In 
the last few years attention has been directed prin- 
cipally toward the development of solvent refining 
processes, but the need is still felt for an analytical 
method of separating and classifying the components 
of a lubricating oil according to chemical structure. 
During the course of experimentation on solvent ex- 
traction in the laboratories of Union Oil Company, a 
routine analytical procedure has been developed for 
the multiple-batch method of extraction. The pur- 
pose of this paper is to present this procedure and to 
show that reproducible and informative composition 
curves for lubricating oils can be obtained by the 
choice of conditions of extraction in accordance with 
definite principles. 

In a study of the factors influencing fractionation 
in solvent extraction, the analogy to the more fami- 
liar fractionation by distillation is helpful. This 
analogy has doubtless been recognized for some time 
by investigators in this field, and has recently been 
discussed in some detail by Saal and Van Dyck*; so 
that it is sufficient to point out the similar function 
of the solvent in a solvent extraction operation and 
the steam in the usual steam distillation in which no 
liquid water is present in the still. It is frequently 
the practice in steam distillation in a batch still to 
adjust the still temperature as the distillation pro- 
gresses, so that the oil and water are recovered over- 
head in a constant ratio. Under such conditions the 
still or vapor temperature plotted against the per- 
centage of oil distilled will follow a definite and re- 
Producible curve for any given stock. Similarly, in 
analytical solvent extraction, it is desirable to main- 
tain a substantially constant concentration of oil in 
the extract phase. This is readily accomplished by 
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Y suitable choice of conditions in solvent extrac- 

tion by the multiple-batch method, an analytical 
procedure has been developed for solvent fractiona- 
tion of oils in the lubricating oil range. This pro- 
cedure makes it possible to separate an oil into a 
series of cuts of varying paraffinicity. The results, 
conveniently shown as composition curves, permit 
close estimation of possible yields of oil of specified 
quality or give valuable information on the compo- 
sition of finished motor oils. 

Examination of various stocks has shown that the 
differences between them are much more in the 
relative proportion of the different constituents pres- 
ent than in the constituents themselves. By the 
analytical fractionation procedure developed, it is 
possible to determine whether any particular stock 
contains a sufficient proportion of oil of specified 
quality to make production of such oil economically 
feasible. 

Solvent fractionation of finished motor oils shows 
the extent to which the low grade components have 
been eliminated in the refining operations. Data 
on a large number of typical motor oils show a wide 
variation in this respect, but the absence of the 
low grade low API-gravity constituents in highly re- 
fined solvent-extracted oils is very noticeable. Be- 
cause of the adverse effects of such constituents on 
quality, the analytical results are valuable in pre- 
dicting the performance to be expected in service. 

This paper was presented at Fifth Mid-Year Meet- 
ing,. American Petroleum Institute, Tulsa, May 16, 


1935. 
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raising the temperature between one batch. extraction 
and the next. Ifa constant volume of solvent is used 
for each extraction, and the concentration of oil dis- 
solved in the solvent is maintained approximately 
constant, cuts of uniform size will be obtained. In 
solvent fractionation, separation is accomplished 
through differences in solubility. These differences 
are due principally to variation in chemical composi- 
tion in a mixture of compounds of about the same 
molecular weight. It is apparent that, just as in a 
steam distillation cuts of successively higher molecu- 
lar weight are obtained by progressively raising the 
temperature, so in solvent extraction cuts of increas- 
ing paraffinicity may be obtained by starting the 
series of extractions at a low temperature and pro- 
gressively working upwards. 

For the sake of convenience in the absence of strict 
knowledge regarding the molecular configuration of 
each hydrocarbon compound present, we may follow 
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the change in chemical structure by the change in 
some property dependent on molecular composition, 
such as gravity, viscosity, or refractive index for a 
given molecular weight (or, more strictly, number of 
carbon atoms in the molecule). When successive ex- 
tract fractions are subjected to inspection tests and 
the respective values are plotted against the total 
amount of material removed up to the mid-point of 
the cut in question, composition curves are obtained 
which are analogous to an ordinary Engler distilla- 
tion curve. It will be recalled that the Engler dis- 
tillation approximates a simple distillation without 
rectification, in that at any instant the vapor is in 
equilibrium with the liquid remaining in the still; 
and, therefore—theoretically at least—the vapor will 
contain some small proportion of all of the compo- 
nents remaining in the still. Similarly, in the batch 
method of extraction, the extract phase is in equilib- 
rium with the raffinate remaining, and theoretically 
contains some small proportion at least of all the 
components of the raffinate. However, just as in 
practice the degree of fractionation obtained in the 
usual Engler or batch steam distillation without rec- 
tification is adequate for many purposes, likewise the 
fractionation obtainable in multiple-batch extraction is 
valuable in giving composition curves. 

In simple distillation the differences in vapor pres- 
sure of the components can be accentuated, and the 
fractionation consequently improved—through opera- 
tion at a lower temperature under reduced pressure 
or with a carrier gas, such as steam. Similarly, in 
solvent extraction the differences in solubility of 
the components in the solvent can be accentuated and 
the efficiency of separation improved by operating 
at the lowest temperature consistent with a reason- 
able yield of extract for each batch of solvent. Fun- 
damentally, the two most important principles in 
analytical solvent extraction by the multiple-batch 
method are: 1, operation at temperatures increased 
at such a rate as to give constant oil concentration 
in the successive extract phases; and, 2, choice of 
temperatures in general sufficiently low as to restrict 
the oil concentration in the extract phase to a rea- 
sonably small value. With proper attention to these 
principles and to certain operating details, the frac- 
tionation obtained permits analysis of practically all 
classes of lubricating oils. Some of the more im- 
portant applications are as follows: 

1. Analysis of lubricating stocks to estimate the 
available yield of oils of various qualities. 

2. Analysis of extract oils produced as by-prod- 
ucts in solvent refining to estimate the loss of 
high-grade oil in the refining operation. 

8. Analysis of finished lubricating oils to de- 
termine the composition of oils offered for use or 
being used as lubricants, and as a control on the 
refining process. 

The procedure to be used for each of these groups 
will be described separately, but it is believed advis- 
able to point out first certain essentials which the 
operator should follow with all classes of oils. 


PRECAUTIONS TO BE OBSERVED IN ANALYTICAL 
SOLVENT EXTRACTION 


In order to obtain the most reliable data, the fol- 
lowing precautions should be observed: 


1. Choose the temperature and volume of sol- 
vent for each batch extraction to give a maximum 
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of four to six percent oil concentration b 

vol 

in the extract phase. ee 
2. Allow sufficient time of agitation at extrac- 


tion temperature to guarantee equilibrium be- 
tween phases. 


3. Allow ample time of settling at extraction 
temperature to give complete separation of 
phases, and carefully avoid drawing any of the 
raffinate phase with the extract phase. 

Because of its influence on the selectivity of the 
solvent, too much emphasis cannot be placed on the 
necessity of restricting the concentration of dissolved 
material in the extract phase. The ideal solvent will 
have infinite solvent power for materials below 4 
certain gravity or viscosity index, and practically no 
solvent power for materials of higher gravity or vis- 
cosity index—with the point of differentiation or cut- 
ting dependent upon the temperature. Even with 
this ideal solvent, it is probable that the presence of 
any appreciable amount of extract dissolved in the 
solvent would impair the selectivity because of the 
extract being a common solvent for the extracting 
agent and the high grade components of the stock. 
Theoretically, therefore, the greatest selectivity is 
obtained with the pure solvent; and to preserve this 
selectivity, the concentration of dissolved. material 
should be kept at a minimum. For practical pur- 
poses, however, several percent of dissolved material 
can be tolerated in the extract, with the tolerance 
depending upon the particular selective solvent. Ob- 
viously, successive cuts of any desired size can be 
obtained without exceeding the desired concentra- 
tion in the extract phase—by using sufficient solvent 
and restricting the temperature. For any particular 
solvent the temperature required will be influenced 
by the desired cutting point, and the actual propor- 
tion of the stock existing below this cutting point. 
For example, aniline may be used efficiently at ap- 
proximately 100° F. to remove fractions having gravi- 
ties in the range of about 15 to 20 degrees A. P. I,, 
whereas the chloroanilines require a temperature in 
the neighborhood of 50° F. to accomplish approxi- 
mately the same result. 


Also, certain solvents such as phenol, chloroaniline, 
and nitrobenzene can tolerate, without losing appre- 
ciable selectivity, a higher percentage of extract than 
other solvents, such as Chlorex, sulfur-dioxide—ben- 
zene, furfural, and aniline. The solvents shown in 
the first group, however, have high solvent power 
for low-gravity components of lubricating stock, even 
at temperatures approaching their freezing points. 
In consequence, their solvent power cannot be suffi- 
ciently reduced by lowering the temperature, and 
they are not well suited to give a complete analysis 
of lubricating stocks or finished oils containing con- 
siderable amounts of low grade materials. Phenol, 
for example, may be used satisfactorily in segregat- 
ing lubricating materials of better than 20 degrees 
A. P. I. gravity, but it is unsuited for separating 
materials of lower gravity. Either aniline or Chlorex, 
however, can be used conveniently and satisfactorily 
over the entire range of gravities or viscosity-gravity 
constants encountered in an untreated lubricating 
stock. 

With either aniline or Chlorex, the limit of oil tol- 
erance in the extract phase ‘consistent with the best 
practical analytical results is apparently less than 
eight percent by volume, and the concentration 1s 
preferably held at less than six percent by volume. 
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Chlorex has the advantages over aniline of causing 
jess charring or polymerization of low gravity ex- 
tracts during topping to remove solvent, and produc- 
ing a greater reduction in viscosity during the ex- 
traction, as well as having lower toxicity. With 
reasonable care, the objection to aniline in these 
respects is not serious, and the choice between aniline 
and Chlorex for conducting analytical extractions is 
believed to be mainly a matter of convenience. 

In applying each dump of solvent, mechanical agi- 
tation for 15 to 20 minutes after reaching the chosen 
temperature is adequate to insure equilibrium. Vio- 
lent agitation sufficient to cause emulsification ap- 
pears to be unnecessary and, in fact, is less desirable 
than more gentle agitation on account of the danger 
of failing to secure complete separation of the raffi- 
nate out of the extract phase after emulsification. 
During the period of agitation and settling the tem- 
perature is generally held constant to within 2 or 3° 
F. Closer temperature control is probably unneces- 
sary. 

Adequate time of settling to obtain complete sepa- 
ration of phases is extremely important. Both phases 
should be well settled, particularly the extract— 
which should be transparent, and not murky. The 
existence of even a small concentration of emulsified 


raffinate or stock in the voluminous extract phase. 


will have the two-fold ill effect of giving unduly high 
gravities for the contaminated extracts and a lower 
yield of high-gravity components subsequently. Asa 
precaution, even though the lime of demarcation be- 
tween the phases is very sharp, it is believed that no 
attempt should be made to withdraw the last trace 
of extract phase. With Chlorex, a settling time of 
about one hour at the lowest temperatures required 
on a medium-viscosity lubricating distillate is gen- 
erally adequate, although a more viscous stock will 
require a longer time. 


ANALYSIS OF LUBRICATING STOCKS 
The analysis of a lubricating stock can be carried 
far enough to give a complete composition curve, or 
only sufficiently to give yields of oil of specification 


quality remaining as the raffinate. The gravity of 
the raffinate at any point may be calculated arith- 
metically from the gravities of the stock and extract 
fractions in conjunction with the respective extract- 
yield figures, and verified by actual tests on the 
raffinate or on re-composites of raffinate and the 
proper extracts in case the raffinate has been car- 
ried beyond specification quality. 

To obtain the most reliable composition curve for 
untreated lubricating stocks using Chlorex as the 
solvent, it is recommended that the solvent be ap- 
plied in dumps of 200 volume percent, and that the 
extractions be started at approximately 0° F., and the 
temperature raised at a maximum rate of 10° F. be- 
tween consecutive dumps. When the character of 
the material removed is changing only slowly, more 
than one dump can often be applied advantageously 
before raising the temperature. The temperatures 
at which the multiple extractions are performed may 
be varied with the average molecular weight or 
viscosity grade of stock during the later extractions. 
Using either aniline or Chlorex, an SAE-50 stock 
may be extracted at 25 or 30° F. higher tempera- 
ture during the latter part of the fractionation than 
an SAE-20 stock. 

As an example of the procedure employed and the 
results obtained, the data shown in Table 1, and 
reproduced graphically in Figure 1, are taken from 
the complete fractionation with Chlorex of a dewaxed 
Santa Fe Springs lubricating distillate which pro- 
duces normally an SAE-20 raffinate. Curve 1 repre- 
sents a plot of the gravity-yield data shown in the 
table. It is of interest to point out that the yield 
of raffinate of 30.0 A. P. I. gravity, corresponding 
























































TABLE 1 
Analytical Solvent Fractionation of Propane-dewaxed Santa Fe Springs SAE-20 Distillate 
Viscosity, Saybolt 
Solvent Tempera- API Universal Seconds, at: 
Chlorex ture of Recovery Gravity Pour Viscosity- 
(Volume Extraction (Volume at 60° Point 100 210° Viscosity Gravity 
SAMPLE Percent) °F.) Percent) F. (°F.) F, F. Index Constant 
NORMAL METHOD 
AE-2( FRR Cree Fr ee oe pace 20.3 0 760 63.5 33 0.874+ 
aon 5 Re ParuR LG tin senna a sabe 250 —5 24.61 6.1 e. 200 ee 0.979 
CE cc tiss cocwesueent. 200 5 8.45 10.7 112 0.945 
ee as Seale 200 12 5.73 15.8 74.5 0.908 
EE aa res a” 200 18 4.14 18.6 65.5 0.888 
ES Se ae rey 200 17 4.11 21.1 ree 61.5 0.869 
Ne a cas Siete 4 ay 4 14/0°0 200 23 3.54 22.4 aa 58.5 % 0.860 
TY Oe ety ein Se Baoan snes yi 49.436 30.0 307.9 52.4 94 0.807 
Bl oes ncaa <hiedg fideo Han 200 32 3.47 23.9 esis 57.5 i 0.849 
RE Wa os ere ee he eee re 200 41 3.76 25.0 57.0 0.841 
NE SEO Pee ea roe 200 42 3.40 26.0 55.5 9.834 
EE a 5d hw eke we cd OK 200 49 4.10 27.3 55.0 0.825 
A 2525 5 5s aid aA wo hunts 200 3.50 28.1 55.0 0.819 
I 8 i ae hs a 200 50 3.35 28.8 54.0 0.814 
BE SO oe Skuse oe tah A nats 200 50 3.08 29.4 : eka 55.0 3 0.809 
fener 200 50 2.74 30.0 3% site 54.5 ae 0.805 
: { 22.026 33.6 20 235.1 50.0 113 0.784 
ONE 7 aes py eer re tee ahd 19.27¢ 
MME, 3's. Shak DAs. eaeoee 2,850 
SHORT METHOD 
RMS gcc ss ce ay abe ne nee eis 20.3 0 760 63.5 33 0.874 + 
Extract v <8 OSS IRE ES. Fe Es Ee 250 49 35.82 10.9 ve 110 Ga 0.944 
BR ica WE eho at oy 250 60 14.67 17.8 66 ys 0.894 
OO np eae Fgh Pi ee Oa eS 250 70 10.63 22.7 58 Sa 0.858 
ee 4. cies Sears . cere 250 86 11.13 26.4 ae 56 4 0.831 
TY Se St me 250 101 12.76 29.5 oe ans 54 ot 0.809 
{ 14.996 32.4 —5 276 52.3 108 0.790 
SRE tik Sepa geen vig 14.10c 
LL EE eT Te ee 1,250 
aRaffinate 6 was prepared synthetically at the end of the run by blending extracts 7 to 14, inclusive, with raffinate 14. 
bPercentage by difference. 
cPercentage from actual recovery of topped raffinate. 
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PERCENTAGE BY VOLUME 


FIGURE 1 


Solvent Fractionation of Lubricating Stock. 


in this case to a viscosity-gravity constant of 0.807, 
was calculated to be 49.5 percent on the basis of the 
gravity of the stock and the extract-gravity curve, 
and that this calculated yield was later checked 
within one percent by compositing the final raffinate 
and extracts until a gravity of 30.0 A. P. I. was ob- 
tained. To illustrate the reliability of this figure, it 
may be stated that this stock gave within one or 
two percent of the same yield of specification oil 
of 0.807 viscosity-gravity constant when subjected 
to efficient continuous counter-current extraction 
with sulfur dioxide—benzene in 12 stages. It is 
interesting to note that although two different sol- 
vents were used—the one for analytical fractionation 
of the stock and the other for refining the stock—the 
results are in agreement. 

Consideration has been given to the possibility 
of improving the results of the foregoing method 
of analytical fractionation of lubricating stocks by 
combining a rejection step with each extraction. 
Instead of performing the extraction with a given 
dump of solvent at a specified temperature by simply 
mixing, settling, and separating the phases as just 
described, the same amount of solvent is agitated 
with the stock, or raffinate from a previous extrac- 
tion, at a temperature considerably higher than that 
chosen for the final separation of the extract phase; 
the agitated mixture is allowed to settle at this 
higher temperature; and the extract phase is with- 
drawn and cooled to the same temperature as used 
in the corresponding direct extraction. The cooled 
extract is then agitated sufficiently to insure equilib- 
rium between the extract phase and any oil rejected 


at the lower temperature. After the mixture has 
settled thoroughly, the extract phase is withdrawn 
for distillation to recover solvent and the extract 
cut, and the rejected oil is returned to the raffinate. 
Theoretically, the final extract obtained in this man- 
ner should contain less high grade oil than the ex- 
tract obtained in the direct manner at the same final 
temperature—on account of the fact that the final 
extract phase obtained in the rejection procedure is 
not in equilibrium with the raffinite phase remaining 
from the original stock, but is in equilibrium with 
the rejected-oil phase which should contain a lower 
percentage of high grade components. Adding the 
rejection feature to the extraction procedure de- 
scribed above obviously increases the time and _ labor 
required to complete the solvent fractionation, and 
it was considered desirable to evaluate the practical 
advantages of the additional effort. Fortunately, 
from the standpoint of obtaining useful information 
by the direct-extraction method, the theoretical ad- 
vantages of the rejection step were not realized in 
practice. Amn analytical extraction, paralleling as 
closely as possible the experiment shown in Table 
1, was performed—except that the additional feature 
of temperature rejection was employed as indicated. 
The results of this experiment are shown graphically 
in Figure 1 as points only, since they fall practically 
on curve 1 for the direct extraction method. Any 
differences shown are considered not significant, as 
they are no more than could be caused by expert 
mental error. The foregoing experience with rejec- 
tion as applied to multiple-batch extraction does not 
necessarily mean that some form of temperature 


310 Refiner & Natural Gasoline Manufacturer—V ol. 14, No. 6 

















rejection cannot be used advantageously in continu- 
ous counter-current extraction. 

To conserve time and expense, less efficient frac- 
tionation is often permissible—especially after suf- 
ficient experience is obtained to permit an approxi- 
mate correction for the loss of efficiency in fractiona- 
tion. Such a fractionation is obtained, for instance, 
by applying four or five 250-volume-percent dumps 
of Chlorex or aniline at temperatures ranging pro- 
gressively from 50 to 100° F. for an SAE-20 stock. 
Such an extraction was performed on the same stock 
as in the previous experiments, and the data ob- 
tained are shown in Table 1. In this case the ex- 
tracts are contaminated with appreciable amounts 
of the higher grade materials, giving a less steep 
curve displaced to the right when plotted as in curve 
2 of Figure 1. 


ANALYSIS OF BY-PRODUCT EXTRACT OILS 


The fractionation of by-product extract oils is con- 
ducted much the same as with a lubricating stock, 
except that with extract oils larger solvent ratios 
and lower temperatures are usually required during 
the first part of the extractions. As would be ex- 
pected, it is somewhat more difficult to restrict the 
concentration of dissolved material in the extract 
phase; but, by using more solvent at lower tempera- 
tures, acceptable results can be obtained. With an 
extract oil from an untreated SAE-20 lubricating 
distillate, for example, the extraction should be 
started with a 450-volume-percent dump of Chlorex 
at a temperature of —15° F. Curve 3 of Figure 1 
represents the analysis of a sulfur-dioxide extract from 
dewaxed SAE-20 distillate. 


ANALYSIS OF FINISHED MOTOR OILS 


The analysis of finished motor oils may be for the 
purpose of determining the amount and character of 
the lowest grade components present or to obtain a 
complete composition curve. Since most finished 
motor oils, particularly those of higher quality, will 
show only a small content of low gravity oil, it is 
generally permissible to begin the analysis of a fin- 
ished oil at a temperature in the neighborhood of 
100° F. using aniline, or 50° F. using Chlorex. Be- 
cause of the greater uniformity of finished oils as 
compared to raw stocks, a routine procedure of analy- 
sis is possible. A recommended schedule of extrac- 
tions is given in Table 2. 

As a control on the degree of refinement accom- 





plished in solvent extraction operations, a_ brief 
examination in which only one or two extractions 
are taken is usually sufficient. Information so ob- 
tained will show whether or not an oil is free from 
material of lower API gravity than some specifica- 
tion point, as, for example, 20 API for an SAE-30 
grade. Such freedom from material below a certain 
grade is found desirable to give oils of consistently 
high quality. 

Many samples of commercial oils have been ex- 
amined by the procedure described, and some typical 
composition curves are presented in Figure 2. The 
inspection data on these oils are given in Table 3. 
It will be noted that the curve for the Pennsylvania 
oil differs from the others, in that it shows a rever- 
sion in gravity towards the end. This is due to the 
very wide boiling range of this oil which is of the 
residual type. In the analytical solvent fractionation, 
the separation is, of course, accomplished by means 
of differences in solubility of the various materials 
comprising the oil. Since solubility of petroleum 
fractions is influenced to some extent by molecular 
weight, as well as by chemical composition, there is 
a tendency for the accumulation, in the final raffinate 
or in the later extract fractions, of materials of high 
molecular weight and viscosity. These fractions in 
the case of a Pennsylvania residual oil may be of 
such high molecular weight that they have a lower 
API gravity, even though they may have greater 
paraffinicity than the fractions immediately pre- 
ceding them. , 

The curves in Figure 2 further serve to show the 
relatively narrow spread of composition of highly 
refined solvent extracted oils in comparison with 
either the Eastern oils refined by conventional 
methods or the Western or naphthenic type oils. 
This narrow range in composition is reached by the 
elimination in the solvent extraction process of all 
materials of less than a certain degree of paraffinicity 
and by the elimination in the dewaxing process of 
the most paraffinic hydrocarbons which would give 
a high pour point to the oil. 

From the results presented, it is seen that labora- 
tory multiple-batch extraction, when performed in 
accordance with the procedure described, gives valu- 
able information on the composition of lubricating 
oils. When used for the analysis of lubricating 
stocks, the method permits a close estimation of the 
content of material of any prescribed quality. The 


TABLE 2 
Analytical Extraction Schedule for Finished Lubricating Oils 
TEMPERATURES FOR ANILINE 









































Volume 

Percent 

Solvent Extraction Temperature °F. 

All SAE 
Extraction No. Grades SAE-10 | SAE-20 SAE-30 SAE-40 SAE-50 SAE-60 SAE-70 
RP RAI as, HN ore re 120 100 | 105 110 115 120 125, 135 
WUUCQUCTIC CHISMCEOED. 5c. cc ccc ce cc cassscenvcepeneeseeetsedees 100 All subsequent extractions at 10 deg. F. higher temperature than preceding 

extraction. 
Note: For blended oils containing residual stocks, begin fractionation at temperature in table for next lower SAE grade. 
TEMPERATURES FOR CHLOREX 

Volume 

Percent 

ppd Extraction Temperature °F. 

A 

Grades SAE-10 SAE-20 SAE-30 SAE-40 SAE-50 SAE-60 SAE-70 


Extraction No. 














BR. Siti Uh ce ox 3 a. co'p oe ROMS ob) SUN CU ew nae D ae Oke 120 
100 

















40 45 50 55 60 65 70 
All subsequent extractions at 6 to 10 deg. F. higher temperature than 
preceding extraction. 











Note: For blended oils containing residual stocks, begin fractionation at temperature in table for next lower SAE grade. 
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PERCENTAGE BY VOLUME 


FIGURE 2—Solvent-Fractionation Curves of Finished Motor Oils. 


succesive extracts from a lubricating stock show a 
progressive change in chemical composition, as in- 
dicated by gravity, viscosity-gravity constant, vis- 
cosity index, etc., with the gravity usually ranging 
from less than 10 API to better than 30 API for 
stocks of intermediate viscosity. This wide varia- 
tion in composition is so common that it appears 
practically all lubricating stocks contain the same 
components, and that the differences in the over-all 
properties of the respective stocks are due primarily 
to differences in the proportions of the components. 
It seems probable that the fractions having gravi- 
ties below about 15 API are predominantly aromatic 
in character, while those ranging from about 15 to 
20 API are essentially naphthenic. As the API 


gravity increases, however, the effect of any naph- 
thenic portions of the hydrocarbon molecule probably 
becomes less prominent, and the paraffinic charac- 
teristics increase. 


The upper limit of API gravity 









for the so-called paraffinic lubricants corresponds to 
the point at which these compounds show a sufficiently 
high melting point to interfere seriously with the pour- 
point characteristics of the oil as a whole. 

When applied to finished motor oils, the analysis 
shows the extent to which some components have 
been eliminated and others concentrated in the re- 
fining process. Considerable variation is found in 
this respect upon analysis of a wide variety of com- 
mercial motor oils. 
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TABLE 3 
Inspection Data on Finished Motor Oils Shown in Figure 2 
Flash Fire 
Point Point 
(Cleve- (Cleve- Viscosity, Saybolt 
land land Universal 
API Open Open Carbon Seconds, at: Viscosity- 
a Gravi = Cup) Residue Color Viscosity Gravity 
o. Type at 60 ° (°F.) (°F.) (Percent)| (NPA) 100 °F. 210 °F. Index Constant 
1 Solvent-treated California dewaxed stock 30.8 500 570 0.01 f 485 64.5 102 0.795 
2 Solvent-treated California dewaxed stock 29.1 490 560 0.03 4% 630 70.0 94 0.805 
3 Pennsylvania brand “‘A’’.............. 27.7 470 525 0.84 6% 672 74.0 100 0.813 
4 Pennsylvania brand “‘B"’.............. 28.6 460 520 0.74 6% 627 73.0 104 0.807 
5 Pennsylvania brand ‘‘C’’.............. 27.2 465 525 0.95 6 621 71.0 100 0.818 
6 Solvent-treated Mid Continent........ 27.2 495 580 0.03 3 762 73.0 83 0.818 
7 Solvent-treated California non-waxy 
NS 5 Les sha hows p45 40h 4 0 6-006 22.2 405 460 0.10 4% 970 68.5 29 0.858 
8 Acid-treated California non-waxy stock 18.7 405 460 0.33 8 975 68.0 22 0.886 
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SERVICE CHARACTERISTICS OF 


Motor Oils 


as Related to Composition 


DAVID R. MERRILL, C. C. MOORE, JR., 
and ULRIC B. BRAY 


Union Oil Company of California, 
Wilmington, Calif. 


N discussing the characteristics of lubricating oils 

refined by the use of selective solvents, the ques- 
tion is sometimes raised as to whether such solvents 
may not remove certain useful components, in conse- 
quence of which the solvent process oil may be defic- 
ient in lubricating value or, as commonly expressed, 
in oiliness. The purpose of the present paper is to 
present data on the service characteristics of some 
commercial lubricating oils and of lubricating oil 
fractions which may be taken as representing typical 
classes of components. From these data, the conclu- 
sion is drawn that the removal of the less paraffinic 
fractions by the use of selective solvents results in 
an improvement in the lubricating value of the oil, 
as well as in other characteristics. From such in- 
formation on the characteristics of typical compon- 
ents, it is also possible to arrive at a general esti- 
mate of the service characteristics of a lubricating 
oil when its composition, as shown by solvent frac- 
tionation’ methods is known. 

Of the various functions of a lubricant, that of ex- 
tending the useful life of the machine by reducing 
wear or preventing failure of parts in moving con- 
tact is unquestionably one of the most important. 
Although the higher operating temperatures in mod- 
ern high-speed automobile engines have focused at- 
tention recently on problems of bearing lubrication 
and bearing composition, it is common experience 
that the repair costs on automobile engines are prin- 
cipally for overcoming the effects of wear, rather 
than the effects of mechanical failure. 

Of the many tests which have been proposed for 
the examination of lubricating oils, by far the ma- 
jority give results which are of value in characteriz- 
ing the oil, but are only indirectly related to its lubri- 
cating value. The mechanical tests of lubricating oils 
for the most part fall into two classes; first, bearing 
tests such as the Navy work-factor test, in which 
the oil is subjected to moderately severe conditions 
of temperature and loading, and the changes occur- 
ing in the oil are subsequently determined by lab- 
oratory tests; and, second, bearing tests such as the 
Timken and Almen tests, in which the oil is subjected 
to increasingly severe load conditions until mechani- 
cal failure occurs, and the load at failure taken as 
an index of the quality of the oil. Tests of the first 
type, and laboratory tests in which the oil is sub- 
jected to the action of air or oxygen at a high tem- 
perature, give valuable indications of the changes 
which may occur in an oil in service, but give results 
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Y means of solvent fractionation, it has been 

possible to separate lubricating oil into typical 
classes of components characterized by different 
physical and chemical properties. The performance 
characteristics of these components have been stud- 
ied with particular attention to: 


1. Wear. 


2. Sludge formation and other results of crank- 
case oxidation. z 


3. Carbon deposition as affecting the octane re- 
quirement of the engine. 


The rate of wear has been found to be a func- 
tion of the paraffinicity of the lubricating oil, with 
the low API gravity, high VGC components show- 
ing many times the wear of the highly paraffinic 
fractions. No difference was found between the 
wear characteristics of highly paraffinic oils of 
wide and narrow boiling range. Oxidation stability, 
reflected in service in reduced formation of sludge 
and acidity and less viscosity change, was found to 
he greatly improved by thorough removal of the 
components of low gravity and high viscosity-grav- 
ity constant. 

The change in octane requirement, due to car- 
bon deposition in service, has been compared for 
typical residual Pennsylvania oils and a _ highly 
solvent-treated oil of restricted boiling range. The 
average rate of carbon formation with the Penn- 
sylvania oils was equivalent to an increase in octane 
requirement of one octane number for each 300 
to 400 miles driven, until the increase was about 
7 to 14 octane numbers—hbeyond which point little 
further change seemed to occur. With the solvent- 
treated oil of narrow boiling range, the increase 
was only about one point for each 1,000 miles— 
until an increase of two to four points occurred, 
after which further increase was very slow. From 
these results, it is concluded that, in order to pro- 
duce oils giving low wear and sludge formation 
and also low carbon deposition, it is desirable to 
remove not only all components of low API gravity, 
but also the paraffinic components of highest boil- 
ing point. 

This paper was presented at Fifth Mid-Year 
Meeting, American Petroleum Institute, Tulsa, May 
16, 1935. 
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related only indirectly to the wear-preventing charac- 
teristics of a lubricant. Tests of the second type give 
indications as to the probability of mechanical fail- 
ure from scoring or seizing occurring under extreme 
pressure conditions, but give little or no information 
on the wear to be expected at the lower bearing pres- 
sures which exist in automobile engines under nor- 
mal service conditions. 

The actual determination of wear in an automobile 
engine, either by micrometer measurement or by 
weighing the piston rings and pistons before and 
after a run, is laborious and time consuming, since 
runs of several thousand miles are required to obtain 
a readily measurable amount of wear. Furthermore, 
if the tests are made on different engines of the same 
make, there is always considerable uncertainty as to 
the extent of their similarity; or if successive long 
runs on a single engine are made, the average age 
of the engine, expressed in miles run, is so different 
for the different runs as to raise a question as to the 
validity of the comparison. These difficulties in de- 
termining engine wear are largely overcome by bas- 
ing the determination upon the increase in iron con- 
tent of the lubricating oil in the course of runs of 
moderate length, as suggested by Langdon.” The 
same general method has been employed at the Penn- 
sylvania State College,’ and in the Royal Dutch Shell 
laboratories * for investigating cylinder wear in Diesel 
engines. In the present work the increase in the iron 
content of the used oil has been employed exclusively 
as an index of the amount of engine wear; and the 
general uniformity of results in successive tests, to- 
gether with a comparison of the results with meas- 
ured wear under typical conditions, has been such 
as to justify considerable confidence in the validity 
of the method. 


METHOD FOR DETERMINING WEAR THROUGH 
ANALYSIS OF THE USED OIL 


In using the increase in iron content of the lubri- 
cating oil as an index of the wear occurring in an 
engine, it has been found necessary to follow a care- 
fully defined procedure in order to obtain dependable 
results. If the engine is new, a breaking-in period 
equivalent to about 5000 miles of normal operation 
is required before consistent wear values can be ob- 
tained. In any case, the lubricating oil previously 
used, together with its content of iron, must be 
thoroughly flushed out before the test run is made. 
To accomplish this, the engine was first operated 
under standard conditions of temperature and load 
for a one-hour period on a portion of the test oil. This 
oil was drained out, and the engine operated for a 
three-hour period with a second portion of the test 
oil, after which the oil was again thoroughly drained 
out. The engine was then re-filled with the test oil 
and operated for a definite period, usually equivalent 
to 1000 or 1500 miles, under carefully controlled con- 
ditions of water and oil temperature, load, and speed. 
The first oil sample was taken at the end of 50 miles, 
a second sample at the middle of the test period, and 
the final sample at the end of the test peroid. In 
normal practice the original and final samples were 
used in the calculation of wear, and the intermediate 
sample was used only as a check. In taking these 
samples, extreme care was used to assure the samples 
being representative. All samples were taken from 
the circulating oil line while the engine was in opera- 
tion. Triplicate samples of approximately 10 g. each 
were taken directly in tared-porcelain crucibles, and 
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the samples burned without transferring. The iron 
content was then determined by the thiocyanate ¢o}. 
orimetric method. To express the results on a uni. 
form basis, a value referred to as the wear index 
representing the amount of wear in milligrams of 
iron per 1000 miles of operation, was then calculated 

In developing the formula, it was assumed that 
under the conditions of test: 

1. Oil consumption is a straight-line function of 
miles of operation. 

2. Iron wear is a straight-line function of miles of 
operation. 

3. Oil consumed carries with it a proportional 
amount of iron. 

4. Replacement oil, if added, is in small incre. 
ments uniformly distributed over the run. 

Based on these assumptions, the following approxi- 
mate formula was derived: 


w= [ DIx—CI.+(C—D+R) ee Lm 


2 4x 100 (B—A) 
in which: 
W=wear index, milligrams of iron per 1000 miles. 
A=speedometer reading when first oil sample is taken, miles. 


B=speedometer reading when final oil sample is taken, miles. 
C=original volume of oil, quarts. 

D=volume of oil drained, quarts. 

R=volume of replacement oil, quarts. 

G=density of original oil, pounds per gallon. 

1,=iron content of oil at A, percent by weight. 

I,=iron content of oil at B, percent by weight. 


The formula just given may be reduced to the fol- 
lowing form, which is that used in the calculations: 
567,000 G 
w= [ (C+D) (1) +R (+1) PROS 
As a means of visualization, it is of interest that a 
wear-index value of 900 represents the removal 


through wear, in 1000 miles, of the amount of iron 
in a Gillette razor blade. 


WEAR TESTS OF VARIOUS OILS UNDER 
CONDITIONS OF CONTINUOUS SERVICE 
_After preliminary tests had shown that this method 
of determining wear would give dependable results, 
a series of test runs was made on a motor dynamom- 
eter with a small six-cylinder engine of modern de- 
sign, using typical Eastern and Western oils, ‘and an 
experimentally produced solvent process oil produced 
from California waxy crude oil. In order to follow 
mechanical changes which might occur in the engine, 
runs were made at frequent intervals with a ref- 
erence oil. The inspection data on all of the oils 
used in the work reported in this paper are given 
in Table 1, and data on the used oils from typical 
runs are given in Table 2. The wear indices obtained 
in this first series of dynamometer runs are given in 
Table 3. An examination of the individual wear- 
index values shown in Table 3 indicates that, al- 
though the reproducibility of the test is only moder- 
ate, the test definitely segregates different types of 
oil with regard to their wear-reducing ability. The 
Eastern oil and the solvent process oil have gen- 
erally similar wear index values, while the typical 
acid-tested Western oil from asphalt base crude oil 

shows a definitely higher rate of wear. 


FLEET TEST UNDER ROUTINE SERVICE 
CONDITIONS 


The dynamometer tests just described were run 
under carefully controlled conditions of continuous 
operation. Since tests under laboratory conditions 
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Col- Inspection Data on Original Oils 

uni- 

dex, Indiana Oxidation 

Flash | Fire Con- 
ted, Vis- | Point | Point radson Vis~- 
h API Viscosity cosity-| (Cleve-} (Cleve- Carbon| Neu- | Sulfur| Time | Time | cosity 
at, Grav-| Saybolt Universal Grav- | land | land Resi- | trali- | (Per- | for 10 |for100| In- 
ity Seconds, at: Vis- ity Open | Open | Pour | due |zation| cent Mg. Mg. | crease 
at cosity | Con- x Cup) Point | (Per- | No. by | Sludge} Sludge| (Per- 

l of Lubricant Test Series 60° F. | 100° F. | 130° F. | 210° F.| Index | stant*| (° F.) | (° F.,) | (° F.) | cemt) |(ASTM)| Wt.) | (Hrs.) | (Hrs.) | cent)t 

Oil E-l.....First dynamometer..| 28.3 | 459 | 209 | 62.0 | 101 | 0.813 480 20 | 0.64 | 0.04 | 0.14 36 95 18 

S of REE PEO: Ne 20.7 700 261 59.2 15 0.874 370 435 0.18 0.13 0.57 7 3 64 

RIES, .< «:bi sca. Abb Ais eden g ROI Ss 28.5 593 256 66.0 88 0.810 550 10 0.03 0.03 0.12 52 111 6 

MMM; :-< 5 <.cdS ARK Res 28.5 493 224 | 64.4 102 | 0.810| 445 20 | 0.52 na 107 20 

ID. S50 ee oo eae 28.8 473 209 | 60.4 90 | 0.810} 460 520 0.02 | 0.03 | 0.13 93 168 4 

nal OiT-l...-. Fleet test. 2222222! 29.1 | 530 | 234 | 63.4 90 | 0.807 | 485 | 535 15 | 0.05 | 0. 0.16 | 103 | 239 4 
RESET 2 5 9S OP rare 5 ey 20.1 462 187 52.8 25 0.883 375 425 —10 0.13 0.07 1.33 8 24 77 

ES sss a's seb Atiog Bale. dae Giuhhie'a 20.0 637 242 57.2 13 0.881 395 450 —10 0.16 0.08 0.73 11 36 44 

cre- Oil E-3.....Second dynamometer} 29.5 456 210 63.2 106 0.804 435 500 20 0.53 0.05 0.07 222 236 19 
SLE x's. o:o-ocle bation cine c-taewws 28.9 506 222 62.2 90 0.809 455 530 5 0.05 0.03 0.15 91 187 3 

BIS a u's b's 0 teindeis:t he xis Saad 12.0 915 299 57.7 —70 0.949 350 400 15 0.63 0.20 1.22 mS B8.$F 

: ME. x; 5 :b-g ANE is eater Stadia 11.4 | 1,021 304 57.1 |—117 0.955 335 395 10 0.73 0.08 1.16 3 18 122 

OXI- Oil T+10 percent AF-2.......... 27.1 512 223 | 61.0 82 | 0.822 | 430 505 10 | 0.07 | 0.04 | 0.25 11 44 25 
Oil T+20 percent AF-2..........| 25.3 527 224 | 60.0 71 | 0.837} 390 465 10 | 0.16 | 0.05 | 0.35 5 23 
Oil T+30 percent AF-2.......... 23.1 547 228 | 60.0 65 | 0.854] 400 465 |—15 | 0.20 | 0.04 | 0.45 4 16 
Oil T +50 percent PEbeee hawsud iu . , s . F 

) T+50 AF-1 19.9 607 238 58.1 32 0.881 370 430 0 0.21 0.13 0.65 4 17 

> Oil T+70 percent AF-2.......... 16.4 713 260 57.4 —10 0.910 365 410 0 0.32 0.09 0.86 3 11 mace 
Naphthenic fraction............. 19.7 698 262 59.8 22 0.882 405 475 —5 0.43 0.14 0.89 19 22 62 
Oil T+50 percent naphtha....... 24.3 570 238 60.5 63 0.844 380 —5 0.18 0.08 0.51 15 33 59 
WN 5 5 66S sake Ras dw hoe cad vce 34.7 aes 70.0 Pasa 0.765 ra 165 0.40 0.07 0.14 any ane eae 

* From viscosity at 210° F. 
t Increase in kinematic viscosity at 130° F., after 50 hours of oxidation. 
Distillation Tests at 1 Mm. Absolute Pressure 
Observed Vapor Temperature at Indicated Percentage Recovered (° F.) 
Ini- 
tial 5 10 15 20 25 30 35 40 45 50 55 60 65 70. 75 80 85 90 
fol- Boil- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- 
ing | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 
ns: Lubricant Point| Point) Point| Point) Point; Point) Point) Point) Point) Point) Point) Point| Point| Point] Point) Point) Point| Point) Point 
CS i, So vi 380 | 407| 417] 425| 431 | 436| 441| 446] 452| 459| 467/| #478| 495] 515| 546| 584| 612| 649/ 702 
GUE gs ccs caks ss 410 | 424| 432] 438| 444] 449| 454| 460] 466| 474/ 482| 496| 511] 534| 562/ 593| 645| 690| 745t 
ES od o's buiaeS kt 388 417 429 439 447 454 460 466 471 478 485 496 513 539 570 597 647 695 750t 
bans nomiedsc 418 | 450| 456 | 462] 466| 471| 477| 482| 488] 494] 500|] 508] 516| 526| 536| 546] 556| 569| 584 

ita | SARs mae ~~ 347 366 380 392 401 410 417 424 431 437 444 450 458 466 475 485 497 514 
as itn oct? 288 332 362 385 403 418 433 444 455 462 469 472 474 476 476 474 473 479 480t 

val Naphthenic fraction.| 314 | 352| 379| 397| 411 | 421] 429] 435] 440| 444] 448] 454] 459] 464] 471] 478] 487] 497] 510 

ron 

t Extrapolated. s we 

AF-] Aromatic fraction from California waxy crude oil, produced as an extract in sulfur dioxide treatment of a propane-dewaxed distillate, subsequently 
treated with 98 percent sulfuric acid and clarified by a light contact-clay treatment. _ 

AF-2 Aromatic fraction from California asphaltic crude oii, produced as an extract in sulfur dioxide-treatment of an acid-treated distillate and clarified by a 
light contact-clay treatment. : : 

E-1, E-2 Commercial Eastern or Pennsylvania oils containing residual fractions. : Pi S83 

E-3 Solvent-treated Pennsylvania oil, produced experimentally by treatment of oil “‘E-2'’ with sulfur dioxide. 

i Naphthenic Naphthenic fraction from California waxy crude oil, produced as a sulfur dioxide-benzene extract from a dewaxed and sulfur dioxide-treated distillate, and 
10¢ fraction subsequently treated with 80 percent sulfuric acid and clarified by contact-clay treatment. ter 

Its $1, $-2 Solvent process oils from California waxy crude oil, produced experimentally by treatment of propane-dewaxed distillate with sulfur dioxide followed by 

sm sulfur dioxide benzene, and with a final contact-clay treatment. FEE silica. et 

m- T, T-1 Commercial solvent process oils from California waxy crude oil, produced similarly to “‘S-1”’ and ‘‘S-2”, 

W- Commercial Western oil, produced by acid and sulfur dioxide-treatment of a distillate from California asphaltic crude oil. 

de- W-2,W-3 Commercial Western oils, produced by acid treatment of distillates from California asphaltic crude oil. 

an Wax Commercial petrolatum of 164° F. melting point and about 11 percent oil content, 

ed 

OW do not always agree with results obtained under ac- found in the dynamometer tests, it is probable that 

ne; tual service conditions, a test was made with 20 pas- such Eastern oil would have shown a wear index 

it senger automobiles and light trucks from the fleet of value very similar to that obtained with oil “T.” 

nis one of the large public utility corporations in south- A comparison of the wear index values obtained 

nal ern California. ‘These cars were run under routine in the fleet test and in the motor-dynamometer tests 

7 service conditions of intermittent operation for suc- indicates a value over 10 times greater under the 

- cessive test periods of 1000 miles, and samples for fleet test operation. This is undoubtedly due to the 

in determination of wear index were taken in the same _ fact that, in the dynamometer tests, the runs were 

way as in the dynamometer runs. A run was first continuous; whereas, in the fleet test, the driving 

a made in each car with either of two well known’ was intermittent and the engines cooled down at in- 

at brands of oil produced by acid treatment of distillate tervals in the course of each run. As pointed out by 

4 from California low pour-point crude oil, and then Williams,® the greatly increased wear at low. engine 

© one Or more runs were made with a solvent extracted temperatures, as in starting, appears to be due largely 

‘il oil commercially produced from California waxy to the condensation, on the cold cylinder walls, of 

“I crude oil. This oil for convenience is referred to moisture which carries acidity. 

1 hereafter as oil “T.” The wear data obtained are The larger amounts of wear found in the fleet test 
shown in Table 4. It will be seen that on the aver- are more comparable with general service experience, 
age the Western acid-treated oils gave about 70 per- as would be expected. For comparison, it may be 
cent more wear than did oil “T.” Unfortunately, assumed that the wear occurring in the cylinders in 
time did not permit extending this fleet test to in- short run passenger car service in 40,000 miles is. 

in clude the use of typical solvent-treated Eastern oils; equivalent, in a typical case, to a uniform wear of 

As but, from the similarity of the relationships of the 0.005 inch of diameter, and that half of the weight 

1s Wear indices in these fleet tests to the relationship of iron removed is from the piston rings and half 
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TABLE 2 
Inspection Data on Typical Used Oils 











Indiana ASTM 

Viscosity, Precipita-| Precipita- Conrad. 
Saybolt tion No. | tion No. Ash son 

API Universal Pour (Milli- (Milli- (Percent | Carbon 

Miles Gravit Seconds, Point grams grams y Residue 

LUBRICANT Test Series Run at 60° F. | at 130° F. (° F.) per 10 G.) | per 10 G.) | Weight) | ( Percent) 
Oil Mae Sina BS wile wiptens «ot First dynamometer....... 1,000 28.4 182 15 24.1 0.08 0.090 0.83 
Oil EEE ES re at Deena en ee en ak ae lee 1,000 20.8 317 —10 25.8 0.23 0.020 0.50 
Oil a asian’. 6 Ed 5 GRRE! “git ~ shou hed vdeo we eek ee ss 1,000 28.0 252 15 16.7 0.06 0.017 0.10 
Ria a tenn bac bbiie den vun ii Kiticuines tees 1,000 “eo nor ae 12.1 0.03 = 0.84 
I ete Sh Bele ae Be ee ise. Se wkisds 1,000 29.2 179 5 19.7 0.02 0.020 0.25 
ES, Fudd c kd «Soin skstck nd os Widet Seeker AG. Sh, wks 1,100 28.6 142 5 30.7 0.20 0.06 0.37 
Oil ES Se ce Cee ee. a ccd dhe og duis Sars ehbemis 1,100 20.5 123 —20 63.5 0.35 0.08 0.80 
NRE ga RRS eS IA oS ES | AR nes ee ee er 1,100 20.3 159 —20 69.4 0.37 0.07 0.89 
Oil A A Se AS we Second dynamometer..... 1,500 28.7 213 20 12.6 0.05 0.005 0.99 
a a a ala Se UR re es tale. bleidie 1,500 28.9 194 5 10.4 0.07 0.005 0.21 
AF-2 eee i. ites 2S Ot oo 5d oe's yd dae eee o SMW 1,160 8.9 945 25 254 2.40 0.083 4.35 
NS ARES RE Se Aes ee ee ere Ds 1,500 26.9 225 10 39.8 0.33 0.009 0.53 
I oe Es St os les Signs 1,500 25.3 240 10 53.5 0.40 0.013 0.61 
ee ik IIS Sc 5 tak dt nidlel via powceieoe.é Geos 1,500 23.1 289 —10 90 0.70 0.020 112 
SESE, SE ee Ae ee eee 1,500 20.3 304 0 68.7 0.52 0.073 1.06 
ERE SOE E Sa FOURS OVS aS St eo 1,500 15.5 506 0 221 2.20 0.040 2.64 
Naphthenic sR SHERMER Tape, NSS Sete ie la oe Aran Peer aN 1,500 18.7 321 —5 47.3 0.40 0.020 1.62 
I ON SP Soe aw ohh Gace kus de css eles 1,500 24.0 237 —10 19.9 0.15 0.019 0.61 
ERs cet ae ce ues Oe es blew AM Chao os cee ai b's 1,500 33.7 67* Ble Pex 0.90 0.030 0.81 









































* At 210° F. 


from the cylinder walls. 


By calculation, it is found 





that in a small sized engine this amount of wear is 


equivalent to a wear index value of about 1400 mg. 
of iron per thousand miles of travel. 
lies well within the range of values for oil “T’ 
fleet test, as given in Table 4. 
agreement is taken as corroborating the opinion that 
the method of determining wear by analysis of a 
lubricating oil gives significant and valuable results. 

Since the amount of wear in the fleet test is com- 
parable with service experience, a question might be 
raised as to the significance of the much smaller wear 
indices found in the dynamometer test. It will be 
noted, however, that in both cases the average wear 
with the Western or naphthenic-type oils was about 
60 percent more than with the paraffinic solvent 
process oils produced from California waxy crude 
The constancy of this ratio of wear is believed 
to indicate that the relative amount of wear under 
any particular set of operating conditions is signifi- 
cant, but that the absolute values of the wear index 
may be expected to vary markedly with the size and 


oil. 


type of engine and the conditions of service. 


This figure 
in the 
This satisfactory 


prepared. 


LUBRICATING OILS 







WEAR TESTS ON PREPARED COMPONENTS OF 


Since both the motor-dynamometer and the fleet 
tests indicated a decided difference between the vari- 
ous oils in their ability to reduce wear, the next step 
in the investigation was an attempt to identify more 
definitely the constituents that either caused wear or 
had a low efficiency in preventing wear. 
purpose, a series of oils of varying paraffinicity was 
The oils were not produced from the same 
lubricating distillate, but rather were produced from 
similar lubricating distillates of appropriate viscosi- 
ties, so that all of the oils had about the same vis- 
cosity at the crankcase temperature, viz., about 100 
sec., Saybolt Universal, at 170°F. 

In the case of the least paraffinic fraction, two 
samples were prepared. One sample, designated as 
aromatic fraction “AF-1,” was an extract produced 
by sulfur-dioxide treatment of a propane-dewaxed 
distillate from California waxy crude oil. 
of its very dark color, it was given a moderate treat- 
ment with 98 percent sulfuric acid, neutralized, and 


For this 


Zecause 


clarified by a light contact-clay treatment. The other 


TABLE 3 


Wear Characteristics of Various Oils as Shown by First Series of Dynamometer Runs 
(Runs made on a small six-cylinder engine operating on a variable load and speed cycle equivalent to approximately 40 miles per hour road travel.) 














Relative 
Wear 
Index* 
(Percent) 
ee 





Characteristics of Original Oil 
Indiana | Indiana 
Oxidation) Precipita-| Wear 
Test tion No. of} Index 
(Time for | Used Oil (Milli- 
Viscosity-| 10 Mg. (Milli- grams Average 
Run Viscosity | Gravity Sludge) grams jofironper| Wear 
LUBRICANT No. Index Constant | (Hours) | per 10 G.) | 1,000 Mi.) Index 
Pees Dare Peete MR PE eee Rebs o bly ode aaee Odviee pe 8 101 0.813 36 16.7 168 
=! 11 ue ay a 15.2 218 Pi 
13 at " A 29.2 195 Ne 
16 m4 cs 33.1 145 184 
18 “ne , he 25.9 177 Se 
21 Se ba ~ 24.1 200 ary 
ee aS eee cia w cin sie Ak Hw RON Cam Wdie ed 12 15 0.874 7 25.8 263 ‘ae 
15 hs age 41.6 245 252 
19 eo ; 58.4 182 bs 
23 ad aed a br ie 
i TG OEE RE SRS PS, Eee, aes a a ape Pea se ae 10 88 0.810 52 16. 1 was 
eciel 14 aa rye as 19.8 154 145 
20 Sh Re: bs 23.7 13 Sie 
RN aa Bd ad a a. oN ke Malplce mace el go Ue 38 102 0.810 co aioe 
39 opie seh ae 19.1 68t 84T 
ICED A. abe ae Sie ee, Oh dvds w amano aur aan s 36 90 0.810 93 19.7 64+ ae 
37 yr she AS nee 95t 79T 
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Wear index of test oil 





Wear index of reference oil 


Under slightly different operating conditions from previous tests. 
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100. Oil ‘‘E-1"’ was used as reference oil in this series, except for the last four runs. 
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TABLE 4 
Results of the Fleet Test to Compare Wear with Oils ““W-2” and “W-3” Against Oil “T-1” 

















——=—== 
Wear Index, Milligrams of Iron Per 1,000 Miles Relative 
ynrad- ; Relative | Relative Wear 
son Oil T-1 Wear Wear Index for 
arbon ¥ Index* | Index for | All Cars 
esidue First Second be, Average, oe (Per Each Make (Per 
ercent) (ar Make and Number Oil W-2 | Oil W-3 |1,000 Miles| 1,000 Miles oll Oi1 W-3 | Oil T-1 Cent) (Percent) Cent) 
— ——eEe~™ _ 
0. NE ee ee ae 1,492 Sie 1,035 aca ao rh ee 144 Ties Os: 
Op Lone leediphbaatheda le esctetee 2'770 te 1/252 1,189 46 i ih 227 ai B gis 
0.10 SS SRE Pee ey pe By 1,196 os 854 908 seh ids pats 136 ice 
0.84 OS SRS a ere ere rey ee 1,167 we 941 xeh 2,164 6,475 1,503 124 er pas 
0.25 OR Ie ae Adel dip Och aia 0s: Fh Aa dd ap eS 6,475 3,525 cae ifaw oun bes 184 164 
SS RRMA RE Po pers 1,858 eee 1,656 ~~ ee pai itu 112 Lee 
0.37 BRE See en ray ee 2,013 209 
0.80 GS REVERE ANie Manabe: oi 3 ras Sm 4,700 3,070 or arse ae 153 
0.89 Re ain gta ge Peer yee tees 2,120 ee il ae igi Bek os 185 Sb ie 
ONS Se a pene es Pree ee i 2,139 2,329 1,687 alse ene vce 106 Jen AH 
0.99 SEOs ahead ons fae bore Beeson eacae 3,015 1,915 ies el 2,451 2,299 157 110 171 
0.21 RIS ey eStats se aco 2,200 3,265 gait ioe eats ree 67t peat ose 
4.35 NS Be hi 5,4. 0e% kao e kd 6s veo 3,255 sa 2,135 2,050 rey a rey 155 oot 
0.53 SS RR Arr Fe rere ee 2,685 pied 1,030 1,270 al ea bat 233 nes 
0.61 ye rere? . ere 2,270 a 1,775 3, "725 3,681 ay 1,737 130 201 
1.12 ie A chs «8 wks Pho 0 oes 7,680 op 2,460 ee aa cae 312 ee 
1.06 OX, SS a  R as Gf AR 2,513 wiaia 1,453 ar” ahs ae 173 ate 
2.64 NENG Bia 6-h' aig. d be dan 6th paw 4K LFS 1,189 567 636 1,379 kan 734 198 189 
1.62 bP eee ee ee: 2 ‘¢ 1,570 932 803 ante ne APO 181 eres 
0.61 NS Fa Wheto 0p ss als 2h saa aig p: dior <8 1,653 718 659 ee 1,653 688 240 240 
0.81 









































Wear index of test oil 





100. Oil ‘‘T-1"’ was used as the reference oil. 
Wear index of reference oil 
fOne and one-half ton truck. ; 3 
‘S OF tAlthough at variance with the other results, this figure has been included in the averages. 
Make “‘A’’ is a small six-cylinder car. 
Make “pe is a small eight-cylinder car. 


. fl t Make ‘‘C’”’ is a small four-cylinder car. 
: ee Make ‘‘D’’ is a small six-cylinder car. 
> vari- Make ‘‘E”’ is a small six-cylinder car. 
t step 


more sample, “AF-2,” was produced by application of dioxide to remove the compounds of very low paraf- 
ear or liquid sulfur dioxide to a commercial acid-treated finicity. The intermediate extract was given a light 
r this @Western oil from California asphaltic crude oil. The treatment with 80 percent sulfuric acid, neutralized, 











y was extract obtained was given a light contact-clay treat- and contact-clay treated. 

same ment in order to remove any suspended impurities. The fraction representing a paraffinic lubricating 
| from § The oil next in order of paraffinicity, and referred oil was the commercially produced solvent-extracted 
iscosi- to as the naphthenic fraction, was prepared as an_ oil of appropriate viscosity from California waxy 
1e vis- intermediate extract from a propane-dewaxed dis- crude oil, referred to previously as oil “T.” For com- 
ut 100 fftillate from California waxy crude oil. This inter- parison, a solvent-extracted Eastern oil was prepared 


mediate extract was produced by extracting, with by treatment of a commercial Pennsylvania oil with 














1, two sulfur dioxide and benzene, a dewaxed distillate sulfur dioxide under conditions causing the removal 
ted as which already had been treated with liquid sulfur of about six percent of 11.3-A.P.I. extract of a very 
duced 
waxed TABLE 5 
ecause Wear Characteristics of Various Oil Components in Second Series of Dynamometer Runs 
 treat- §§(Runs made on a small six-cylinder engine operating under constant load and speed equivalent to 40 miles per hour road travel, but with the 
sad throttle closed momentarily every 20 minutes.) 
d, ¢ 
> other Characteristics of Original Oils Indiana 
Precipi- Wear 
Indiana tation Index 
Oxidation No. of (Milli- 
Test Used Oil grams Relative 
(Time for (Milli- of Iron Wear 
* Viscosity- 10 Mg. grams Per Average Index* 
d travel Run Viscosity Gravity Sludge) Per 1,000 Wear (Per 
—————_ LUBRICANT No. Index Constant (Hours) 10 G.) Miles) Index Cent) 
Me paige vs hain Kk atninattds & su SS hens saunas cake eee 1 106 0.804 222 13 141 
3 <b MESA ae ll 86 
8 8 75 
13 12 83 
16 20 141 
Relative 19 18 94 101 100 
Wear 20 5 61 
Index* 22 7 lll 
Percent) 24 4 89 
——_ 27 rate. 6 147 
: 28 ae eH oad 3 70 
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low degree of paraffinicity, as shown by its viscosity- 
gravity constant of 0.944. 

As an example of a hydrocarbon mixture of the 
highest degree of paraffinicity, a commercial petro- 
latum of low oil content was employed. The choice 
of a wax of this character was necessary in order 
to obtain material of comparable viscosity at the 
crankcase temperature. 


The results obtained when using these various oil 
constituents in the dynamometer test engine are 
shown in Table 5. A different engine and slightly 
different operating conditions were used in this series 
of runs; and the results are, therefore, not directly 
comparable with those of the first dynamometer 
series. In the case of the aromatic fraction, the first 
run gave such an exceedingly high wear index, and 
the general condition of the motor was so bad that 
it was conyidered desirable to examine the effect of 
this material in detail. The solvent-process oil (oil 
“T”) from California waxy petroleum was found by 
analytical solvent fractionation to contain no detect- 
able amount of the aromatic fractions and was, there- 
fore, used as a base stock to which various percent- 
ages of the aromatic fractions were added. In the 
tests on these blends, the wear index increased in 
proportion to the percentage of aromatic fractions 
present. The general form of this relationship is 
shown in Figure 1. At lower concentrations, the in- 
crease in wear index value with increase in aromatic- 
fraction content is relatively moderate as compared 
with the very rapid increase in wear-index value over 
the higher range. The blends produced from the 
aromatic fractions from the two types of California 
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similarity of the aromatic fractions from the two 
sources is also evident from the inspection tests. 


_In studying the effect of the naphthenic fraction, 
oil “T”’ was again used as the base stock in prepar. 
ing an intermediate blend. As shown in Figure 1, the 
naphthenic fraction is not so effective as a lubricant 
as the paraffinic fractions—although it is greatly 
superior to the aromatic fractions. 


In the tests with the wax it was necessary, of 
course, to melt the material before adding it to the 
engine, and to keep the crankcase at the full operat- 
ing temperature during the course of the run. Aside 
from the fact that the physical characteristics of wax 
are such that it cannot be used conveniently as a 
lubricant under normal conditions, the test results 
indicate that it has good lubricating properties. 


RELATIONS BETWEEN OBSERVED WEAR AND 
COMPOSITION 


Although sufficient work has not yet been done to 
establish the relationship conclusively, the present 
results indicate that the lubricating value, as shown 
by the wear index, is closely related to the paraffin- 
icity of the oil as expressed conveniently by the vis- 
cosity-gravity constant. As the viscosity-gravity con- 
stant decreases, the wear index decreases and appears 
to approach a constant value. The approximate con- 
stancy appears at a viscosity-gravity constant of 
about 0.810 and, as shown in Figure 2, very little 
further reduction in wear occurs with the use of oils 
having viscosity-gravity constants below this value. 


In connection with this observed relationship be- 
tween rate of wear and paraffinicity, the recent work 
of Dover and Hensley® is of interest. They have 
shown that the coefficient of dynamic friction of a 
certain aromatic compound, di-meta-tolyl ethane, 1s 
over twice that of a paraffinic hydrocarbon of get 
erally similar physical properties, normal octadecane. 
The viscosity-gravity constants of these two com- 
pounds have been calculated to be 0.972 and 0.773, 
respectively, using the revised formula for low-vis 
cosity oils, developed in this laboratory.’ Although 
this work of Dover and, Hensley pointed towards 
lubricating value, expressed in their case as coeffic- 
ient of dynamic friction, as being a function of paraf- 
finicity, it seemed desirable to investigate the posst 
bility that the variation in observed wear might be 
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due, in part at least, to some other factor, such as 
development of acidity or to differences in sulfur 
content. 


An attempt to develop a relationship between the 
wear indices and the acid content of the used oils 
was unsuccessful when the comparison was made 
with neutralization numbers determined by the 
ASTM methods for either uncompounded or com- 
pounded oils. The difficulty in applying these meth- 
ods to the analysis of dark colored oils may have 
tended to obscure a relationship, but it seems doubt- 
ful in any case whether corrosion from such acidity 
could have been a major factor in the observed wear, 
in view of the limited amounts of acids formed and 
the low activity of such acids. Because of the un- 
certainty of the results, as well as their apparent 
lack of significance, the values have not been included 
in the tables. 


The possibility of a relationship between the wear 
index and sulfur content was suggested by exper- 
ience with the use of sulfur in various forms in ex- 
treme-pressure lubricants. It is well known that one 
difficulty in using many effective extreme-pressure 
bases, including some sulfurized compounds, has 
been excessive wear. The theory is commonly held 
that the effectiveness of an extreme-pressure lubri- 
cant is due to formation under such conditions of 
service of a film of corrosion products which prevents 
seizure from metal-to-metal contact. In view of this, 
the question may be raised as to whether such high 
wear is not a normal accompaniment of great effec- 
tiveness in raising the film strength under extreme- 
Pressure conditions. 

When tested in an extreme-pressure testing device, 
the aromatic fractions were, in fact, found to have a 
relatively high film strength, as would be expected 
irom their sulfur content. On plotting the wear 
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indices of the various blends of aromatic and naph- 
thenic fractions against the sulfur content of these 
blends, results as shown in Figure 3 were obtained. 
Although the values for the blends containing aro- 
matic fractions appear to indicate a relationship be- 
tween wear and sulfur content, the validity of this 
relationship is brought into question by the marked 
deviation of the naphthenic blends from the curve. 
It is possible that this deviation is due to differences 
in the activity of sulfur in different forms of combi- 
nation, but it appears much more probable that it 
is the low paraffinicity of the aromatic fractions, 
rather than the sulfur content, which is ,responsible 
for the poor lubricating value of these iractions. 


APPROXIMATE COMPOSITION OF VARIOUS 
LUBRICATING OILS 


In Figure 4 the results are shown of solvent frac- 
tionation of the several prepared components, as well 
as for most of the commercial oils used in the investi- 
gation. The viscosity-gravity constant is taken as 
the most useful index of composition for the present 
purpose, because it is much more nearly an additive 
function than is viscosity index, for example. It has 
the further advantage of being a valid index of 
paraffinicity over a very wide range of molecular 
weight, viscosity, or boiling point. From a study of 
Figure 4, it is at once evident .that the naphthenic 
fraction, which is very similar in composition to the 
typical sulfur-dioxide-treated Western oil “W-1,” 
shows considerable overlapping of the aromatic and 
paraffinic fractions in its composition. Without more 
complete knowledge of the chemical composition of 
the hydrocarbons composing lubricating oils, it is 
not possible to establish a chemically-correct classi- 
fication. The division into aromatic, naphthenic, and 
paraffinic fractions is, however, a very useful one; 
and it is also convenient to establish arbitrary points 
of division in terms of viscosity-gravity constant be- 
tween these three groups of hydrocarbons. Based on 
the examination of various samples of extract pro- 
duced by the use of sulfur dioxide under conditions 
of good fractionation, a viscosity-gravity constant of 
about 0.91 is chosen as the approximate dividing 
point between the aromatic fractions and the naph- 
thenes. Also, from examination of solvent-extracted 
oils produced under conditions of good fractionation 
from California dewaxed lubricating distillates, it 
appears that the division point between paraffinic 
fractions—representing the major component of a 
paraffin base lubricating oil—and naphthenic frac- 
tions—representing the major components of a naph- 
thene base or asphaltic base lubricating oil—should 
lie somewhere between 0.83 and 0.87 viscosity-grav- 
ity constant. For the present purpose, 0.86 viscosity- 
gravity constant has been arbitrarily chosen as the 
dividing point. 

It may be seen from the fractionation curves that 
the aromatic-fraction sample contained only about 
10 percent of naphthenic constituents, as defined by 
these arbitrary cutting points; and the paraffinic oil © 
contained no aromatic or naphthenic constituents. 
The naphthenic fraction, however, contained about 
25 percent of material of higher viscosity-gravity 
constant than 0.91 and about 30 percent of material 
of lower viscosity-gravity constant than 0.86. That 
the 25 percent of material of high viscosity-gravity 
constant was not alone responsible for the high wear 
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index shown by the naphthenic fraction is indicated 
by the fact that this wear index is about the same 
as the wear index of a 50 percent blend of the aro- 
matic fraction with oil “T.” Since the effect of the 
aromatic constituents is undoubtedly offset to some 
extent by the paraffinic constituents also present, it 
is believed that the wear index actually found for 
the naphthenic fraction can be taken as an approxi- 
mation to that for a naphthenic fraction lying sub- 
stantially within the arbitrary limits of viscosity- 
gravity constant. 

On examining the fractionation curves for the com- 
mercial oils, it may be readily seen that this method 
of analysis gives valuable information on the com- 
position of the oils. Thus oil “T” is shown to lie 
entirely in the range of viscosity-gravity constants 
less than 0.86 and to contain no aromatic or naph- 
thenic fractions as arbitrarily defined; and the sol- 
vent-treated Pennsylvania oil is shown to contain 
no aromatic fractions and only eight percent of 
naphthenic fractions. Since the wear index of the 
naphthenic component was found to be roughly 
twice that of the paraffinic oil “T,” the effect of the 
naphthenic material in the limited proportion present 
in this solvent-extracted Eastern oil would be ex- 
pected to be relatively small. The two commercial 
Eastern oils produced by conventional methods with- 
out the use of solvent extraction are shown to con- 
tain about five percent of material lying in the aro- 
matic range, and also about 10 percent of material 


in the naphthenic range. In view of the results of 
tests on the blends of aromatic and naphthenic frac- 
tions with oil “T,” the conclusion seems well justi- 
fied that the removal, by solvent extraction, of the 
aromatic components, together with a part or all of 
the naphthenic components, results in improvement, 
rather than reduction, in lubricating value. The sol- 
vent-fractionation curves of the sulfur dioxide-treated 
Western oil “W-1” and the acid-treated Western 
oil “W-3” are of interest. It is seen that, particularly 
in the case of the acid-treated oil, relatively large 
amounts of aromatic material are present; and it 
would, therefore, be expected that such oils would 
show high rates of wear in comparison with highly 
purified paraffinic oils. This is in accordance with 
actual findings in both the dynamometer and fleet 
tests. 


OXIDATION RESISTANCE OF LUBRICATING OILS 
IN RELATION TO COMPOSITION 


For satisfactory performance, it is obviously neces- 
sary that a motor oil not only have desirable charac- 
teristics when new, but also that it retain these char- 
acteristics in service. One of the most important 
factors causing deterioration in service is oxidation; 
and resistance towards oxidation is, therefore, a very 
desirable characteristic. The effectiveness of solvent 
treatment in increasing the resistance of lubricating 
oils towards oxidation is well recognized, and in the 
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present work an attempt was made to relate oxida- 
tion stability more definitely to composition. Deteri- 
oration of a lubricating oil by oxidation may be read- 
ily followed by the increase in sludge content, carbon 
residue, viscosity, and acidity. In the Indiana oxida- 
tion test, chief reliance is placed upon a gravimetric- 
precipitation test for determination of sludge con- 
tent, and upon viscosity increase—although the neu- 
tralization value may also be followed. 


Indiana oxidation tests have been run on the vari- 
ous oils used in this investigation, and the results of 
these tests are given in Table 1. From these results, 
some interesting conclusions can be drawn. As 
might be expected, the aromatic fraction “AF-2” has 
especially poor oxidation stability, as shown both by 
the short time of three hours required for formation 
of 10 mg. of sludge per 10-g. sample and the large 
increase of 122 percent in the kinematic viscosity at 
130° F. after 50 hours of oxidation. It is of particu- 
lar interest that the addition of only 10 percent of 
this material to oil “T” reduced the stability from 
high value, represented by 91 hours and three percent 
viscosity increase, to 11 hours and 25 percent viscos- 
ity increase. This may be compared with the results 
shown for wear index, in which case the addition of 
10 percent of aromatic fractions caused only a mod- 


erate increase in the amount of wear. From these’ 


results, it may be concluded that the complete re- 
moval of material of high viscosity-gravity constant 
by thorough solvent treatment is particularly de- 
sirable from the standpoint of improvement in oxi- 
dation stability. This is also shown by a compari- 
son of the Indiana test results on the solvent-treated 
Eastern oil “E-3” with a corresponding Eastern oil 
“E-2” which had not been solvent-treated. It is seen 
that the removal of about six percent of low grade 
material raised the time required for formation of 
10 mg. of sludge from 54 to 222 hours, but had no 
appreciable effect on the viscosity increase—which 
was about 20 percent in 50 hours. 

A comparison between the solvent-extracted East- 
ern oil “E-3” and the solvent-extracted oil from Cali- 
fornia waxy crude oil, “T-1,” is of interest in showing 
the differences in oxidation characteristics between 
oils containing residual’ stocks and oils composed 
exclusively of distillates. It is seen that oil “E-3” 
had a very long life before the formation of 10 mg. 
of sludge; but that when sludging once started, it 
proceeded very rapidly, as shown by the short time 
for the amount of sludge to increase from 10 to 100 
mg. With oil “T-1,” the time required for formation 
of 10 mg. of sludge was shorter; but the rate of 
sludge formation after reaching the 10-mg. point was 
still very slow, so that over twice as much time was 
required for formation of 100 mg. as for 10 mg. In 
consequence the total time required for formation 
of 100 mg. of sludge was approximately the same 
for the two oils. A relatively slow on-set of sludge 
formation in the Indiana test but a rapid formation 
after it once starts is a common characteristic of 
highly-treated lubricating oils containing residual 
stocks, and it is a further characteristic of such oils 
that the early evidences of deterioration during the 
Progress of the oxidation often take the form of 
viscosity increases, rather than sludge formation. 
This is shown in the present instance by the viscosity 
increase of 19 percent in 50 hours for oil “E-3,” in 
comparison with an increase of only four percent 
for oil “T-1” in the same length of time. The state- 
ment is made by the originators® of the Indiana test 
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that laboratory sludging times well above 70 hours 
have little significance for comparative purposes, and 
viscosity change then becomes the primary consider- 
ation. It is difficult to evaluate quantitatively the 
sludging which takes place in a crankcase during 
service, but inspection of crankcases of engines used 
in the various road and dynamometer tests has 
shown that the high stability of the solvent-treated 
oil “T,” indicated in the Indiana test, is actually re- 
flected in service; and that the crankceases, valve 
chambers, and other places where gummy deposits 
usually accumulate are, in fact, exceptionally clean 
when this oil is used. 


The data on the neutralization values of the used 
oils from the various test runs, although not very 
conclusive, gave some indication of a trend towards 
lower acid numbers for the oils of lower viscosity- 
gravity constants; from which it may be concluded 
that solvent refining, at least if not carried beyond 
the present limits of about 0.80 viscosity-gravity con- 
stant, is advantageous from the standpoint of reduc- 
ing formation of acidity in service. 


CARBONIZATION CHARACTERISTICS OF LUBRI- 
CATING OILS IN AUTOMOBILE ENGINES 


In addition to satisfactory wear preventing and 
non-sludging characteristics, a lubricating oil for 
use in internal combustion engines should preferably 
exhibit minimum carbon deposition. It is well known 
that in gasoline engines the major proportion of the 
carbon on the cylinder heads and pistons is derived 
from the lubricating oil, and that the presence of 
this carbon induces knocking, and often necessitates 
the use of fuel of higher octane rating than if the 
engine were clean. In fact, the increase in octane 
requirements of an engine on continued service ap- 
pears to be one of the most tangible elements of 
motor performance which the average motorist can 
evaluate. For this reason, it seemed desirable, in 
undertaking an investigation of the carbon-depositing 
characteristics of certain motor oils, to base the com- 
parison upon the change.in octane requirements of 
the engine, rather than to measure carbon deposi- 
tion by collecting and weighing the deposits. This 
method of following carbon deposition was employed 
by Hawley and Bartholomew® who observed an in- 
crease in octane requirements from 64 to 80 octane 
number during 200 hours’ operation of a test engine, 
with very little increase thereafter. Simultaneously 
the power output decreased about four percent. It 
is understood that the oil used in this test was a high 
quality paraffin base oil of SAE-30 grade. 

In the present work on carbonization characteris- 
tics, 12 automobiles were operated under conditions 
of routine service. Each car was run on two types 
of oil; one the highly solvent-treated oil from Cali- 
fornia waxy crude oil, and the other comprising rep- 
resentative brands of high grade Pennsylvania oils. 
containing residual stocks. Ojl changes in all the 
cars were made at the same mileage intervals. In 
eight of the cars chosen for the test, the valves were 
ground and the combustion chambers cleaned thor- 
oughly of all previous carbon deposits before begin- 
ning the test on each of the two types of oil. With 
the other cars, care was taken to insure that the 
engines had been run for a period of at least 8000 
miles on high grade Pennsylvania oil since the car- 
bon had been removed. Then, without disturbing 
the conditions in the combustion chamber, the Penn- 
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Effect of Oil Carbonization on Octane Requirement of Various Passenger Cars. 





sylvania oil in each crankcase was replaced with the 
solvent-treated oil “T” and operation continued. The 
purpose of these tests was to investigate whether 
the use of this oil would in the course of time remove 
carbon deposits already accumulated. 


The experimental procedure employed in the in- 
vestigation of carbon formation consisted briefly of 
testing each car at intervals of about 1000 miles for 
detonating characteristics, using a number of gaso- 
lines of different octane rating (standard reference 
fuel “A-3” plus ethyl fluid). With each gasoline, the 
speed at which the knock disappeared on accelera- 
tion was determined as the upper incipient knock 
point; also the speeds at which the knock appeared 
(lower incipient knock point) and at which it reached 
a maximum intensity were noted. Care was exer- 
cised in testing to insure reasonably constant condi- 
tions of atmospheric temperature and humidity. Car- 
buretion, manifold heating, and jacket temperatures 
were also kept as nearly constant as possible. Par- 
ticular attention was paid to ignition timing, both as 
regards initial distributor setting and proper func- 
tioning of the advancing and retarding mechanism. 
At the beginning of the investigation, the ignition 
timing of each car was set according to factory rec- 
ommendations, and the timing was noted to within 
half a degree of crankshaft rotation. At each subse- 
quent test period, care was taken to check the igni- 
tion timing and to adjust it to exactly the initial 
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setting, if necessary. All detonation testing was done 
on a 10 percent grade under full-throttle operation. 

Differences in detonation characteristics resulting 
from use of the two types of oil were determined by 
comparing the octane requirements of each car at its 
critical speed, defined as the speed at which the maxi- 
mum knock occurs when using a gasoline which 
knocks only slightly. This speed approximates that 
at which the curves of speeds for upper incipient 
knock, maximum knock, and lower incipient knock 
versus octane number converge. Although varying 
considerably between cars, this speed has been found 
to remain fairly constant for each car during con- 
tinued operation. The octane requirement at this 
speed was read from a curve obtained by plotting 
speed at upper incipient knock versus octane-numbet 
requirement, , 

Figure 5 has been constructed as a summary 0 
the data for typical cars showing the increase i 
octane requirement with mileage run on the respec 
tive oils. Inspection of the figure shows a very large 
difference in the carbon-forming properties of the 
Pennsylvania oils and the solvent-treated oil. It will 
be noted that, in the case of the engines having cast 
iron cylinder heads and pistons, the rate of increase 
in octane number with the Pennsylvania oils is about 
one point for each 300 to 400 miles driven—until the 
octane requirement has increased 7 to 14 points; 
whereas with oil “T” the rate of increase and the 
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total increase are only a fraction of these respective 
amounts. It is apparent that with the Pennsylvania 
oils the increase in detonation in about 4000 miles 
was sufficient to require.a change to gasoline at least 
one commercial grade higher—and in some cases two 
grades higher—if the spark setting is to be held con- 
stant. With oil “T’’, the increase in detonation was 
so much less that a change in commercial grade of 
gasoline over the period of test was not required. 

It is of interest to point out the effect of the alumi- 
num cylinder head and pistons in car No. 5. From 
observation of this and other makes of cars having 
aluminum heads and pistons, it appears that, when 
the combustion chambers are clean, there is little 
difference between cast iron and aluminum construc- 
tion in the octane requirements under strictly-com- 
parable conditions—but that the aluminum construc- 
tion is css Susceptible to carbon accumulation. No 
discernible change in octane requirement was noted 
in the test with the highly solvent-treated oil in the 
engine equipped with an aluminum head, although 
some increase in octane requirement did occur in this 
engine with the Pennsylvania oil. 

Figure 6 shows the effect of highly solvent-treated 
oil in removing carbon deposits previously accumu- 
lated by operation on Pennsylvania oil. It will be 


observed that in each instance the use of oil “T”. 


caused a noticeable reduction in octane requirement ; 
and it is believed that, upon continued service with 
the latter grade of oil, the octane requirement would 
approach asymptotically the equilibrium value ob- 
tained by the continued use of oil “T” in an initially 
clean engine. 

The present investigation of carbon deposition has 
been concerned principally with an experimental de- 
termination of the effect of two general types of oils 
on octane requirements, but it is believed that a gen- 
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Reduction in Octane Requirements by Running on 
Oil “T” After Carbon Had Been Deposited from 
Pennsylvania Oil. 
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eral discussion of the known factors in carbon forma- 
tion may be of interest. The Conradson carbon resi- 
due test has had rather wide acceptance as a method 
for predicting the tendency of an oil to deposit carbon 
in the combustion chamber, although Bahlke and co- 


workers” have developed a relationship between car- | 


bon deposition and the 90 percent distilled point in 
a distillation of an absolute pressure of 1 mm. of 
mercury. This temperature they designate as the 
“carbonization index.” The present investigation did 
not include a sufficient variety of oils to permit a 
conclusion to be drawn as to the relative value of 
the two tests. The solvent-process oil produced from 
distillates, oil “T,” which was found to have a very 
low carbonizing tendency in service, has both a low 
carbon residue and a low carbonization index; while 
the Pennsylvania oils show much higher values in 
both of these tests. Data on these two tests for 
typical samples of the two varieties of oils are in- 
cluded in Table 1, and the distillation characteristics. 
are also shown in Figure 7. 

From a comparison of carbonizing tendency with 
composition, it appears that the tendency of an oil 
to deposit carbon in the engine is influenced prin- 
cipally by the content of two types of materials ; viz., 
high-boiling, high-m ole cular-weight components. 
which evaporate so slowly in the combustion cham- 
ber that decomposition occurs even though they may 
be highly paraffinic in character, and non-paraffinic 
compounds which tend to decompose even though 
they may not be especially high-boiling. In general,. 
production of an oil as a distillate serves to elimi- 
nate the very high-boiling components, and solvent 
extraction either before or after distillation is effec- 
tive in eliminating the unstable materials of low 
paraffinity. In operation on residual stocks, a sim- 
ple solvent extraction will accomplish some reduc- 
tion in carbon-forming tendency by removal of the 
compounds of low paraffinicity, but this process does 


not remove those high-boiling components which are 


of high paraffinicity. By solvent extraction in the 

presence of propane, however, a much greater reduc- 

tion in carbon residue is obtainable through the ten- 
(Continued on page 328) 
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~ “Oiliness’’ in Motor Oils 








D. P. BARNARD and E. R. BARNARD this 
Research Laboratories, Standard Oil Company sat 
(Indiana) des 

lub 

He 

HE term “oiliness” has been used in connection with re 

the discussion of lubricant properties for at least unc 

100 years and over that period many investigators have res 
devoted their time to its study. Certain of these in- through the medium of some more or less mysterious coy 
vestigators have been men whose ability and accom- Property in which one oil may be considered superior lub 
plishments in other fields have won them world-wide [© another. Probably the prevailing point of view is Hat 
recognition. Of these the name of Lord Rayleigh is that “oiliness” is due to a weak chemical union between B je, 
undoubtedly the best known to the scientific world al- the oil (or certain constituents in it) and the metallic ant 
though Osborne Reynolds, whose reputation is also of SUT!aCes. The term “adsorption” probably comes near. ma 
international magnitude, has devoted a very considerable St tO describing it although the phenomenon undoubted. fec 
amount of effort to the study of lubricant properties. ly differs quite radically from that implied when discuss pul 
In general the subject of lubrication, and particularly ™g Such mechanisms as the adsorption of gases on 
the phrase referred to as “oiliness,” has been given ‘S°lid surfaces or the concentration of active surfaces 4) 
much consideration by many including men of the high- substances which may be present in a solution only Hin, 
est scientific attainments but in spite of the talents ‘ 4 V@'Y high state of dilution. In corsain it rac 
which have been expended on this subject, relatively least, it would appear that “oiliness” is due to a true Bf 
little concrete knowledge of it has been developed. In chemical union and might even be termed as a formoi Bj, 
fact, there exists virtually no definition of this property ety, mild corrosive attack. This appears to be true @ jo, 
except one or two attempts at description without an particularly in the case of fatty acids or other materias @  p, 
understanding of the mechanism. Some time ago one containing relatively strong polar groups. Where such ju: 
of the present authors collaborated in the preparation materials as these are used it is quite impossible to fa 
of a paper’ in which this property was described as fol- ‘JUvenate a metal surface without actually removing a ex 
Sure: : part of it. In this respect, therefore, the mechanism sii 
“The oiliness of a lubricant may be defined as the D>ecomes distinctly different from that usually implied the 
property by virtue of which one fluid gives lower coef- Dy the terms ‘adsorption” and adhesion,” etc. In other Boo 
ficients of friction (generally at slow speeds or high ‘#5°°: however, where “oiliness” to a considerable de- th 
loads) than another fluid of the same viscosity.” In 8Tee may be present, evidences of strong attraction are a 
this case it will be noted that “oiliness” has been defined ™°* encountered and the phenomenon may be likened ap 
largely as a factor of ignorance. In attempting to ob- quite closely to that of adsorption. As a rule, however, pr 
tain a clear understanding of the various terms used to the term adsorbed film lubrication” is applied to any By, 
describe this rather elusive property one very quickly condition of lubrication where physical circumstances ha 
finds himself chasing around in a circle, having arrived T°. such that a fluid film of the lubricant cannot be re 
almost exactly nowhere as far as obtaining a clear-cut maintained between the surfaces by virtue of the prop- lu 


definition of “oiliness” is concerned. This lack of a 
satisfactory definition is occasioned, of course, by a 
dearth of information which might shed scientific light 
upon the exact nature of the property, and has given 
rise to the inevitable confusion resulting from the fact 
that an individual faced with the necessity of working 
with lubricants, and particularly in their manufacture 


erty of viscosity only. Accordingly, in so far as lubri- 
cants may differ in their performance characteristics 
under such conditions, they are considered to vary i 
degree of “‘oiliness.” 


PRACTICAL APPLICATION OF “OILINESS” 
The actual practical uses of improvements which 





and sale, is virtually forced to create his own definition may be made in the oiliness of a lubricant are not t00 & iy 
and his own picture of this particular property. The well recognized but may be exemplified by the case 0! ¥ 
situation is almost exactly as implied in the definition a cutting lubricant. Here certain materials, notably BW 
cited above. Everyone who clearly understands the lard oil (as a matter of historical interest at least) Ca 
significance of the term “viscosity” must recognize that serve to lubricate the edges of a cutting tool with a Cr 
the materials commonly used as lubricants possess prop- _ resulting improvement in character of the finished work. 4 
erties apparent under certain conditions, inexplainable Frequently, however, (and this is almost universally Ca 
in terms of viscosity, gravity or any other recognized true of lard oil) surface finish is obtained at the ex Cr 
physical term. It is not surprising, therefore, that not pense of considerable tool wear presumably due to the ; 
only the technical but also the trade world should con- corrosion type of mechanism referred to above. Here @ 
tain many evidences of personal opinions frequently of it is quite evident that the lubricant combines with the cr 


such nature as to appear rather whimsical. 

There is a certain amount of agreement in that the 
word “oiliness” is generally accepted as implying reduc- 
tion in friction between two metal surfaces obtained 


metal to form a soap layer.at the surface. This layet 
is preferentially removed so that scratching of the sur 
face or seizure between the tool and work surfaces art 
avoided. Removal of the soap film, however, leaves 4 
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fresh metal surface which is immediately attacked by 
more lubricant. The net result is that under certain 
circumstances apparent surface wear may be increased 
many times over that which would be obtained with a 
jubricant relatively deficient in oiliness. Whereas the 
use of “oily” lubricants in such operations as those of 
metal cutting, drawing, etc., are fairly well recognized 
and their merits reasonably clear cut, attempts to apply 
this property to the lubrication of many mechanisms do 
not appear to be so well justified. Truly definite indi- 
cations of advantages is a motor oil containing material 
designed to increase oiliness have been observed in the 
lubrication of the engine of the famous Ford Model T. 
Here lubrication of the friction bands of the planetary 
transmission and the service brake were accomplished 
by the motor oil. Relative slipping of these parts was 
under substantially static or seizing conditions with the 
result that chattering and general harshness in operation 
could be avoided through the medium of a compounded 
lubricant (an advantage which was frequently obtained 
at the expense of braking effectiveness), but there was 
never any evidence that engine lubrication or perform- 
ance were affected by the presence of compounding 
material. No conclusive evidence of the beneficial ef- 
fects of the addition of oiliness agents has yet been 
published. 

In this discussion it should be recognized that the so- 
called “extreme pressure” lubricants are not in any way 
involved. The requirements for such lubricants differ 
radically from the properties implied by the term “oili- 
ness.” The purpose of the extreme pressure lubricant 
is to make possible the momentary carrying of rubbing 
loads far beyond the normal capacity of the surfaces. 
Reduction in friction per se is of little or no importance 
just so long as actual seizure and damage of the sur- 
faces is prevented. In fact, some of the most effective 
extreme pressure lubricants would not be judged favor- 
ably by any of the methods which have been used in 
the past for evaluating oiliness. Again E. P. service 
conditions, have, as far as is known, no counterpart in 
the internal combustion engine. By and large it would 
not be expected that any of the methods employed for 
appraising E. P. lubricants would be applicable to the 
prediction of engine lubricating oil performance. Prob- 
ably the only portion of the mechanism of an engine 
having even a partial approach to the conditions which 
require the use of extreme pressure materials in gear 
lubrication occurs at the point of contact of the cam 


with a mushroom type follower. As far as is known 
there is no evidence that an extreme pressure lubricant 
is required at this point in any workable engine design. 
Table I contains values for rubbing speeds, loads, tem- 
peratures and rates of frictional heat generation typical 
of the internal combustion engine on the one hand and 
of mechanisms which require extreme pressure lubri- 
cants on the other. 


LUBRICANT REQUIREMENTS FOR THE 
INTERNAL COMBUSTION ENGINE 
To illustrate the point a trifle more clearly, boundary 


coefficients of kinetic friction for a few lubricants may 
be taken as follows: 


Orthodox motor oil........... Coeff. = 0.11 
Synthetic motor oil........... hoe, Ole 
CNN HER i io sak vein ae ”. mO.08 
Na: 1. 5000 Ge ic ieiers ” . == D6 
Sulfurized E.P. Lubricant..... * sc Ole 
Chlorinated E.P. Lubricant.... ” = 0.08 
COOP ins aches ELE "ee 


Dry surfaces (no lubricant)... ” == 0.30 
Sulfur-Chloride E.P. Lubricant. ” = 0.08 


The above figures are typical of those obtained from 
rubbing on fully generated steel surfaces at rubbing 
speeds of about 50 feet per minute under pressures 
ranging from 5000 to 20,000 pounds per square inch. 
It is obvious that such coefficients do not prevail in 
the internal combustion engine, for if they did the 
losses from piston ring friction alone in a six cylinder 
engine of 100 indicated horsepower at 3000 r.p.m. would 
be in the order of 25 horsepower, which of course, is 
exorbitant. 


Even at the period of high combustion pressures 
(when the piston is virtually at rest) there does not 
seem to be a chance for “oiliness” to have an appreciable 
effect—an observation which has been verified by 
actual experience. It has been reported that—particu- 
larly abroad—the use of unorthodox oils has made pos- 
sible some very outstanding service performances with 
engines in airline operation. Here, however, the re- 
ports do not, by any means, indicate that “oiliness” can 
be considered the explanation. It is suspected, rather, 
that the effects of these materials on sludge deposition 
is the more likely explanation. 

Typical examples of the authors’ experiences with 





























TABLE I 
Max. Corres 
Total Max. Unit Rubbing Rate of Heat 
Lead Press. peed Max. Oper. | Generation 
MECHANISM (Lb.) Lb./Sq. In. | Ft./Min. | Temp. °F. | B.t.u./Min. 
es COE MOOD, ON as 6 5 ods das etbs sinh dams ot deb CAT REMAN Wane 6,500 8,700* 350 250 264 
Bn BNI AE i ok on. cco pss higle'e Re mtr eteee<ea (iivaee sae 13,500 6,800* 425 300 663 
Lee TT OI? SERINE) 5 oo icc vec eso Chbeleed nce take ch ees d in Bee 31,800 9,100* 205 300 753 
ee Toute Na Neate on a SF hay bid 26h So ie ACK SORRELL DRL SUT ea 80,000 7,200* 195 200 1,800 
Automobile Engine 
nd MMT pec Coss, SEE ea ia Valedictha at aba d dus ae ed aia gles 1,500 ** 375 250 12 
RE RNS ERIN ae Wena pennies ale en INN SEE 8 1,600 400 2,000 275 8 
Ree Ee aa eee tah, Sah Si ene tale Tae Made vig ceee 3,350 900 2,000 275 17 
RE ES RES Tae COR eee eRe Re eNO IN eh EEA at en ae pS SE SRC Ve! 425 310 2,500 400 5.5 
Diesel Engine 
Ne HIND 5 fi sURE ic dels til db aes eee BRA RNB ni eas fo 2,250 ** 170 250 
Main a eee PORTE et ere yin Ere er en eee EO eee ee 5,200 740 1,180 275 16 
Mare gree eG at 220) ke. cla ang tte ny GIO te aa SOA cre and 7,600 1,080 1.180 275 23 
Top Piston IERIE: GI EME TE REIS, POE ASE BRIE SS ny 1,180 410 1,500 500 9 
craft Engine 
il GU oi 5. on ac vy 0 gid ed bidding a » Kd De Be cumin sea 4,950 (1) 2,360(2) 200 25 
CRO oy ee oe ans lhe Wn ds ESOT na eek a oe oem 6,350 1,060 1,300 200 21 
erin Can ore hl oo tah s ELL sasew ad pow Oee aerate cate 10;400 1/260 1,300 225 35 
NOG No, re nest nnonene ce SB PIRES ITE Nag AE, I ES 1,510 400 1,700 500 13 
*Pressures for fully generated tooth. 
**Line contact. 
(1)Line contact roller type follower. 
(2)Linear rolling speed of cam follower. 
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oiliness in the lubrication of automotive internal com- 
bustion engines are summed up in Table II, in which it 
is not apparent that there is any effect to be ascribed 
to the presence (or absence) of “oiliness’” unless this 
effect is very slight or involves some mechanism hitherto 
unappreciated. This statement is made in spite of some 
very striking observations of improved aircraft engine 
cylinder lubrication, apparently through the “oiliness” 
route. 








TABLE II 
Static Comments on 
OIL Coef. Service Lubrication 
Non-Chatter Comp. 0.09 Model T Fords | No effect in engine proper 
I HNDNS 6 5 Wis dcasc'ee renteve to uncompounded 
oll. 
Non-Chatter Comp. 0.09 Buick car No noticeable effect on 
Motor Oil............ operation or life. 
eter OB. cei ce. 0.11 Oldsmobile car Gummy, varnish-like de- 
posits in crank-case system 
‘Orthodox Motor Oil...} 0.18 | |. Passenger car No difference in 
engine 
“High Film Strength Passenger car Ring scuffing. 
SSS 0.16 engine. 
bmg Aircraft Engine 
_ vo ey? Ree 0.18 Aviation Loss wear with Symtheti 
Synthetic Oil......... 0.22 } engine. Oil. weed 














Virtually all instances of abnormal wear in automo- 
bile engines appear to be traceable to one or both of 
two causes (a) deficient oil supply and (b) presence 
of dirt or other abrasive material. In general it ap- 
pears that the property of prime importance in deter- 
mining the use of a motor oil is its viscosity and that 
all other properties should be judged either in the light 
of their effects on viscosity (and its maintenance in 
service) or by their secondary effects which may or may 
not be desirable. For example, a minimum change in 
viscosity with temperature is desirable as is also non- 
separation of wax. An oil should be as resistant as 
possible to oxidation and polymerization with their at- 
tendant influences which in general increase the viscos- 
ity of the lubricant and undesirably affect temperature 
characteristics. Changes in viscosity may result from 
volatility changes (not necessarily indicated by flash 
point) through loss of lighter constituents. It would 
seem from this standpoint that oils of low volatility 
would be desirable which would be true if it were not 
for the fact that such oils have been found generally 
to exhibit tendencies: toward increased deposition of 
combustion chamber carbon.? Resistance to the forma- 
tion of emulsions; particularly of the stable variety, is 
another desirable property which tends to insure pumpa- 
bility of the oil. As secondary or undesirable effects 
which may occur as the result of failure of an oil to 
possess: the properties given above, the following are 
cited. Oxidation may be responsible for large increases 
in viscosity, deposition of insoluble resinous material 
which tend to clog filters, oil screens, etc., and the for- 
mation of acidic material which may in turn corrosively 
attack bearing metals and wearing surfaces. There is 
some reason to believe, also, that sticking of piston rings 
in their grooves may be attributable in part at least to 
oxidation or a product therefrom. Excessive formation 
of combustion chamber carbon is also undesirable. The 
above represent most of the characteristics which may 
most profoundly affect the performance of a lubricant 
and the engine it is intended to protect. 

The use of oil as an internal engine coolant, and simi- 
lar auxiliary uses, does not play a part in this discus- 
sion as presumably those results could be achieved with 
water or some other fluid if viscosity and chemical 
inertness toward engine structural materials were not 
important. Within the scope of this discussion it ap- 
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pears that motor oil characteristics should be evaluated 
in terms of the foregoing outline. Discussion producing 
evidence to the contrary will be greatly welcomed. 
However, to round out further the author’s present 
point of view on the role of oiliness in motor oils the 
following discussin of methods which have been em- 
ployed for studying this property is submitted. 


“METHODS OF INVESTIGATING ‘OILINESS’” 


From an historical point of view the so-called “static. 
friction” method of testing is probably the most im- 
portant. In its simplest form this test is exemplified by 
a weight placed upon a plane surface which may be in- 
clined to produce slipping. It is generally assumed that 
if one lubricant will permit the weight to slip at a 
smaller angle to the horizontal than may be required by 
another lubricant it may be taken as having the ad- 
vantage as far as oiliness is concerned. Lord Rayleigh’s’ 
investigations involved the use of glass planes with 
bottles of various sizes and weights. It was with this 
simple apparatus that he verified the fact that under 
conditions of adsorbed film lubrication the coefficient of 
friction is independent of load. Subsequently Hardy‘ 
and his coworkers employed the same general scheme 
with many modifications and refinements such as work- 
ing under special atmospheric conditions, at high tem- 
peratures, etc. One of the present authors’ also em- 
ployed the inclined plane method for some early ex- 
periments. As far as information is available, however, 
there is no indication either that the inclined plane static 
friction method is workable as a test procedure or that 
the results that may be obtained with it have any direct 
counterparts in service. The elaborate precautions and 
extremes as to manipulation, etc., which have been re- 
sorted to by those who have attempted to use this 
method would appear to offer considerable discourage- 
ment to any serious attempt to evolve a test procedure 
on such a basis. 


One of the manipulative difficulties with the inclined 
plane consists in the virtual impossibility of reproduc- 
tion of surface conditions from test to test. Several in- 
vestigators*-*—" have attempted to avoid these difficulties 
by the use of rotating devices which presumably would 
generate their own contact surfaces. Here the general 
procedure followed has consisted in running in the sur- 
faces, making an observation or two, and then allowing 
them to run in further before continuing. The machine 
of Deeley* or its modification has been employed most 
generally in recent years although to the best of the 
writer’s knowledge it has shown no promise of develop 
ing into anything approaching a workable appraisal 
method. 

As two surfaces not in relative motion, but on the 
verge of slipping, represent conditions of instability the 
erratic behavior of the static friction device is really 
only as would be anticipated. Therefore, several i- 
vestigators have attempted to avoid static friction meas- 
urements and to substitute for them observations made 
at very low speeds and occasionally under very heavy 
loads. The Deeley machine has been used in this mat- 
ner as have also some of the older devices of Thurston, 
Riehle, Hopps, Smith, Martens, Stanton, Daimler-Lan- 
chester, Herschel, etc.°-*-’ Again, none of these schemes 
have ever appeared promising as a test procedure, nor 
indicated that the results which might be obtained would 
have any particular significance as far as predicting 
service operations is concerned. Of the various dynamic 
machines which have been employed, two devices of 
Kingsbury deserve special mention. First, Kingsbury 
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small spindle machine might be considered the fore- 
runner, as far as its physical form is concerned, of the 
General Motors and Almen extreme pressure testing 
machines. Second, his classical tapered plug experi- 
ments would appear to throw rather interesting light 
upon one current attempt at devising an appraisal 
method. 

In addition to the various forms of friction devices 
several attempts have been made to evaluate oiliness in- 
directly through the medium of devices aimed at the 
measurement of surface tension, film thickness, evidence 
of adsorption, etc. However, no very important results 
from such devices have been realized as would be ex- 
pected from the fact that the actual nature of the term 
“oiliness” is so poorly understood. Therefore, attempts 
to apply such indirect procedures could represent noth- 
ing more than blind guesses. It would seem that this is 
particularly true of the attempts to measure the thick- 
ness or mass of an oil film adhering to a metal surface. 
Except as to give some slight indication of minimum 
possible thickness (i.e., the thickness of a monomolec- 
ular film) it would be quite unreasonable to expect that 
the film which might repose upon the exposed solid 
surface of a piece of metal would have any direct rela- 
tion to either thickness or the ability of film to adhere 
to surfaces undergoing relative rubbing contact. 


Once again the foregoing criticism of the devices 


intended for the appraisal of “oiliness” should not be 
considered as having any relation to those evolved 
for the rating of extreme pressure lubricants. So far 
as the authors are aware the history of this latter 
subject can be written in terms of the following test 
devices: 

1. Actual gear set as employed by Gleason. 

2. First General Motors machine. 

3. Almen machine. 

4. General Motors ball bearing test device. 

5. Timken machine. 

6. Floyd machine. 

7. Bureau of Standards machine. 

8. S.A.E. machine (now being developed). 

From Table III it will be noted from the operating 
conditions incorporated in the design of these ma- 
chines that there is no particular similarity between 
the duty which may be imposed upon a lubricant 
when subjected to e. p. tests and the requirements 
of the internal combustion engine. In general it 
would not appear that motor oils could be rated with 
these devices with the assurance that the results 
would have any significance as far as performance 
in an internal combustion engine is concerned even 
it concrete evidence of oiliness effects existed. 

Another device consists of a mechanism for re- 








TABLE III 
Max. Unit | Rubbing} Max. Rate of 
Max. Press. Ss Oper. Heat 
Load |Lb./Sq. In.| (Ft./ Temp. | Generation 
Testing Machine (Lb.) Min.) | (@F.) | (Btu/Min.) 
General Motors (a)...| 25,000 | 25,000 130 700 460 
Aimen(b).......... 1,900 15,000 75 300 20 
Me... . caer 900 | 20,000* /|350-500 250 60 
Bureau of Standards.| 2,500 + 200-1400 500 280 
S.A.E. Machine... .. 6,000 t 200-1400 | 700 600 




















.*Test pieces have virtually line contact at start of test. Wear on block 
Mecreases bearing area to about 1/25 sq. in. during test. 
., TLine contact maintained throughout test. Unit pressures are extremely 
high and depend upon the elasticity of the metals. 
(2)Large General Motors Machine. 
(6)Small General Motors Machine. 
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volving a metal ring at a fairly high speed. The 
principle involved consists in weighing the metal 
ring before a lubricant is applied to its surface and 
then determining the increase in weight resulting 
after it has been “whizzed” for a length of time, 
(presumably sufficient to discharge all of the lubri- 
cant except a film which would adhere even between 
rubbing surfaces.) If one were to refer to the early 
work of Rayleigh* and subsequently that of Lang- 
muir * he would come to the conclusion that the 
films which might well serve to effect profoundly 


the friction characteristics of surfaces could be quite 


thin indeed. Langmuir’s work indicated that lubri- 
cants will ordinarily tend to spread over surfaces 
until a monomolecular film is formed. Such films are 
in the order of 10‘%cm. thick. Rayleigh’s work indi- 
cated that the thickness of an adsorbed lubricant 
film need not exceed 0.0000004 inch. Even the clas- 
sical tapered plug experiments of Kingsbury indicate 
no effect other than those of simple viscosity at films 
as thin as .00025 inch. Obviously if the film in a run- 
ning bearing could be as thin as this and at the same 
time show evidences of viscosity characteristics 
alone, an adsorbed lubricating film layer would need 
only to be quite thin indeed. In fact, due to the 
fourth power effect of the hydraulic radius upon vis- 
cous flow characteristics, it would be expected that 
a boundary layer could never amount in thickness to 
more than a very few percent of the total passage 
space involved without its presence becoming mani- 
fest. On the basis of such evidence, it would seem 
that even if a centrifuge could be devised which 
would discharge all except the truly adsorbed boun- 
dary layer of lubricant it would be virtually impos- 
sible to detect the presence of the remaining layer 
by any scheme of weighing. 

For example, the molecular length of oleic acid is 
about 1.1 x 10% cm. according to Langmuir®, and the 
density is 0.894. Assuming thorough molecular cov- 
erage, which actually does not occur, the increase in 
weight for a solid body from molecular coverage 
would be 9.84 x 10° grams per square centimeter. of 
surface. If Rayleigh, Deeley, Hardy, Tower, Lang- 
muir, Kingsbury, et al are to be taken as authority, 
the thickness of the boundary or. “greasy” layer as in 
the order of 4.0 x 10% inch, or from five to 10 mole- 
cules thick at most.? Then, to measure oiliness with 
any type of centrifuge which is designed to throw 
off all but the boundary layer it will be necessary to 
determine precisely an increase in weight of 
9.84 x 107 grams per square centimeter of metal sur- 
face exposed. If the rotating band or disc of such a 
machine had an area of 100 square centimeters, the 
total increase in weight from the boundary film 
would be 9.8 x 10° grams or 0.098 milligram, a very 
difficult quantity to weigh precisely. Inasmuch as 
the best evidence points to even thinner films or lay- 
ers under boundary conditions, it is difficult to con- 
ceive a centrifuge that will definitely indicate the 
presence of oily or active material. Added to this fact 
is the very decided uncertainty as to the relation 
between the weight of any such film and the prop- 
erties of the lubricant in service in an internal com- 
bustion engine. Other devices have also been used 
some of which consist of arrangements for deter- 
mining the friction characteristics of two rubbing 
surfaces. All such have the same fundamental diffi- 
culty in that no relation between either the condi- 
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tions which exist in the machine (or the results 
which may be obtained with it) and service perform- 
ance are obtainable. It would seem that while a 
hundred years of virtual failure may be quite dis- 
couraging, continued effort should be directed to- 
ward establishing definite knowledge as to the mech- 
anisms which may be involved in “oiliness” and in 
the development of an accurate and clear under- 
standing of it and to determine -what, if any signifi- 
cance it has in the case of motor oils. 


CONCLUSION 


As a recapitulation the authors submit the fol- 

lowing summary: 

1. Up to the present a definite explanation of the 
nature of “oiliness” has not been evolved even 
though its existence is recognized. 

2. There is no clear-cut published evidence of ef- 
fects beneficial or otherwise, of oiliness in the 
lubrication of the conventional internal com- 
bustion engine. 

3. Extreme pressure lubricant test conditions have 





no close counterparts in the internal combys. 
tion engine. 

4. Where effects due to adsorbed film, or “oily” 
lubrication are noted, the evidence indicates that 
these films are very thin—probably of molecular 
magnitude. 

5. Direct measurements of the thickness or mass 
of such films are not practicable. 
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Service Characteristics of Motor Oils 


As Related to Composition 


(Continued from page 323) 


dency of the propane to reject the highest molecular 
weight components. In fact, very low carbon resi- 
dues may be obtained on residual stocks with the 
proper choice of selective solvents and propane ratio. 

As another aspect of the effect of boiling range on 
the characteristics of lubricating oils, the relation- 
ship between boiling range and viscosity index is of 
interest. It is generally recognized that, for oils of 
a given viscosity and gravity, the wider the boiling 
range, the better the viscosity index. On the basis 
of viscosity index alone, the obvious choice would 
be to produce a wide-boiling residual oil. In practice, 
however, it is found that this involves a sacrifice in 
flash point and in carbon-forming tendencies. Since 
the present investigation has shown that well-treated 
distillate oils are not deficient in lubricating value, 
the restriction of boiling range in order to reduce 
carbon formation appears well justified. 

From the data presented it is seen that the service 
characteristics of a solvent-treated oil from which 
both the highest boiling and the less paraffinic com- 
ponents have been completely removed are excep- 
tionally good. The lubricating or wear preventing 
value of such oil is unexcelled by that of any of the 
oils examined; the oil has high oxidation stability; 
and, in addition, the carbon-forming tendencies are 
such that a definite improvement in gasoline perform- 
ance is obtained. The advantages in minimizing the 
rate of wear of the engine are self-evident. The high 


328 


oxidation stability is reflected in service in low ten- 
dency towards sludge formation or viscosity change. 
As affecting gasoline performance, the low carbon- 
forming tendency of such oil permits the use of 
higher compression ratios with accompanying im- 
proved performance, without necessitating frequent 
carbon removal or the eventual use of higher-octane 
fuel. 
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HE ENDED THEIR 


“STEAM HOSE BLUES” 





LARGE refinery in the mid-continent field 
was looking for steam hose that would 
stand the combination of high pressure and 
hot dry climate. They had tried countless 
brands, asbestos as well as ply construction, 
and discarded them one by one. 


Then the G. T. M.—Goodyear Technical Man 
— arrived on the scene. He made his cus- 
tomary thorough analysis of operating con- 
ditions — recommended 1" Goodyear Style 
HD Asbestos Steam Hose — and persuaded 
the refinery to try out a few sample lengths 
in a comparative test. 

Now, many months later, the 
refinery reports that the Good- 
year hose shows practically 
no signs of wear or failure— 
while others in the test are 
“about ready to throw in the 
sponge.” Needless to say, this 
plant is now equipping with 
Goodyear. 


12 times stronger 
construction 
Where hose failure means 


THE GREATEST NAME 


BELTS 
MOLDED GOODS 
HOSE 
PACKING 


Made by the makers of 
Goodyear Tires 





costly delay it pays to use Goodyear Style HD 
Asbestos Steam Hose. Its de luxe construc- 
tion, employing highest quality asbestos cord 
carcass and specially compounded tube and 
cover, is up to 12 times stronger than or- 
dinary hose—insuring much longer service 
under severest conditions. 


Consult on hose 


You will get the same money-saving service 
from Goodyear air hose, welding hose, water 
hose, drilling hose, oil suction and discharge 
hose. All are service- proved products of 
Goodyear’s quarter-century of 
experience in reducing refin- 
ing costs—all are individually 
specified to the job by the 
G.T.M. 


Many refiners consult this 
practical expert on all hose 
problems— perhaps he could 
help you. Just write Goodyear, 
Akron, Ohio, or Los Angeles, 
California — or the nearest 
Goodyear Mechanical Rubber 
Goods Distributor. 
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can be settled for good. This tubular material 

offers a corrosion resistance never before ob- 

tainable. Use them in cracking still units, for 

a _ hot oil lines, etc., where they provide safety, 

non ele eh \F economy, and durability to the highest degree. 

; Being seamless—pierced from solid billets— 

they have no welds, which means uniform 
wall-strength throughout. 


NATIONAL U § S 18-8 Stainless and Heat Re- 
sisting Pipe and Tubes come in a wide range 
of diameters, wall-thicknesses, and lengths. 
They can be readily bent, welded, and other- 
wise fabricated. Produced with unrivaled 
facilities by the largest manufacturer of tubular 
products in the world, an organization that 
offers a complete piping service to the refin- 
ing industry. NATIONAL engineers and metal- 
oa Sa lurgists will be glad to give information as to 
RAE : # RRR bs = # —the best application for any particular require- 

ment. Descriptive literature sent on request. 
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Bureau of Mines Activities 
To Be Expanded 


'N APPROPRIATION of $1,970,- 

/ 311 to the Bureau of Mines for 
the new fiscal year béginning July 1 
jg made in the Interior Department 
supply bill which was recently signed 
by the President. This amount includes 
4 net increase of approximately $600,- 
000, granted in response to numerous 


appeals from the mining industry urg- 


ing that the Bureau be given sufficient 
funds to resume many important serv- 
ices that had been discuntinued or cur- 
tailed because of cuts in appropriations 
during past years, and to undertake 
important new work that lack of funds 
had hitherto prevented. 

The additional funds will permit an 
expansion of the economic and statis- 
tical studies of the Bureau so as to 
give the mineral industry a complete 
picture of mineral resources, produc- 
tion, consumption, and trade condi- 
tions, as well as factors affecting the 
movement and utilization of mineral 
commodities. This information will 
also be extremely valuable to congres- 
sional committees, permanent agencies 
of the Federal Government and the 
like. 

Investigations of health hazards in 
the mineral industries, which were sus- 
pended two years ago, will be resumed. 
This work includes studies of harmful 
dusts and gases and other causes of 
occupational diseases contracted by 
miners. Instruction in safety and first- 
aid, particularly at small-scale mining 
operations, can be extended. Such op- 
erations have attracted many inexpe- 
rienced and unemployed men and as a 
rule do not provide means of avoiding 
dangers that may result in accident or 
ill health. Training in first-aid is one 
of the most effective ways of education 
in safety. 

The Bureau will expand its studies 
on low-temperature carbonization of 
coal in the effort to find a solution for 
the smokeless-fuel problem and thus 
Prevent waste of fuel value in the soot 
and tar composing the smoke and will 
avoid damage to buildings, clothing, 
etc.; to accelerate the development by 
the industry of commercial carboniz- 
mg processes; and to determine the 
composition of byproduct oils and tars 
and develop commercial uses for them. 
Apparatus on a small, laboratory scale 
will be constructed to study the ex- 
traction of motor fuel from coal and 
lignite as one step in research looking 
forward to the time when known re- 
Serves of petroleum will be exhausted 


The Look Box 


(Continued from page 238) 








and when a major oil-from-coal indus- 

try will be a national necessity. 
Factual information with respect to 

production, storage, and utilization of 


petroleum and natural gas is in greater. 


need by the government and the in- 
dustry today than ever before. Re- 
serves of these natural resources are 
limited and substitutes can be had 
only at high cost, so it is important 
that petroleum shall be produced with- 
out waste, as needed, and that as little 
oil as possible shall be left under- 
ground beyond recovery. To make the 
best production, exact engineering in- 
formation is needed concerning condi- 
tions in underground reservoirs and 
wells, and as to the physical laws gov- 
erning the flow of oil. Also new plans 
of proration, production control, and 
unit operation of. newly developed 
structures are full of technical difficul- 
ties. Adequate studies to obtain the 
needed engineering information can be 
made only by an experienced and im- 
partial organization such as the Bu- 
reau of Mines. The additional funds 
for the coming year will enable the 
Bureau to resume its activities in this 
field where its studies in the past have 
invariably been reflected in reduced 
costs, increased safety and efficiency, 
and conservation of resources. 





Conventions 


S. A. E. The Society of Automotive 
Engineers will hold its summer meet- 
ing at Greenbriar Inn, White Sulphur 
Springs, West Virginia, June 16 to 21. 

A. S. C. E. The American Society 
of Chemical Engineers, holds its 
ene in Cincinnati, Ohio, June 
19-21. 


P. G C. O. A. Pennsylvania Grade 
Crude Oil Association plans to hold 
its annual convention at State College, 
Pennsylvania, June 20 and 21. 


A. §. T. M. American Society for 
Testing Materials annual meeting is 
scheduled for June 24 to 28 at Detroit, 
Michigan. 

A. C. S. The American Chemical 
Society meets at ‘San Francisco, Cali- 
fornia, August 19 to 24. 

N. P. A. The National Petroleum 
Association, September 25-27, will hold 
its annual meeting at Atlantic City. 

N. S. C. National Safety Council 
holds the twenty-fourth annual Safety 
Congress, in Louisville, Kentucky, Oc- 
tober 14-18. . 

A. P. I. The American Petroleum 
Institute will hold its 16th annual 
meeting at the Biltmore Hotel, Los 
Angeles, November 11-14. 

C, N. G. A. The California Natural 
Gasoline Association holds its meeting 
the first Thursday of every month in 
the Richfield Building, Los Angeles, 
California. 
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Low Temperature 
Refining Process Licensed 
FARA Oil Company of Cali- 
fornia has announced appointment 
of Stratford Development Corporation 
of Kansas City, Missouri, as exclusive 
licensing agent, in all countries, of its 
Low-Temperature Refining Process. 

This process, covering the acid treat- 
ment of distillates at controlled, re- 
duced temperatures, is to be offered to 
the petroleum industry, along with the 
Stratford quick-contact, contactor- cen- 
trifuge process, in one: license, thus 
making possible the use of either proc- 
ess in any form or any combination of 
the two, best suited to any individual 
treating problem. 

The economic soundness of these 
processes, particularly for the treat- 
ment of pressure distillates, has been 
amply proven by large-scale installa- 
tions operating profitably over a period 
of several years. The benefits of this 
commercial operating experience to- 
gether with the results of the extensive 
research which has been and is being 
carried on to further improve the proc- 
esses will be miade available to licensees 
through Stratford Development Corpo- 
ration. 

Development of the Low-Tempera- 
ture Refining Process and its large 
commercial applications in the refin- 
eries of Standard Oil Company of 
California have been described in vari- 
ous publications, among which was a 
paper presented by R. A. Halloran 
at the meeting of the World Petroleum 
Congress, London, in 1933. 

A large commercial application of 
the Stratford contactor-centrifuge proc- 
ess in the refinery of Continental Oil 
Company, Baltimore, Maryland, has 
been in satisfactory operation for sev- 
eral years, as described in various pe- 
troleum journals. 


Diffusional Processes 


Discussed 


 Bigivancasgsae: engineering problems con- 
nected with heat transfer and with 
the transfer of material from one phase 
to another were discussed May 10 by 
Professor Walter G. Whitman of the 
Massachusetts Institute of Technology at 
a joint meeting of the Society “of Chem- 
ical Industry with the New York sections 
of the American Chemical Society, the 
Electrochemical Society and the Societe 
The meeting was 
held at the Chemists’ Club, 52 East 41st 
Street, New York, and was preceded by 
a dinner in honor of the speaker. 
Professor Whitman’s paper was entitled 
“Diffusional Processes.” The transfer of 
material and of heat from one phase to 
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An 
“OVERHEAD” 

VIEW of 
WIGGINS PONTOON ROOES 


TANK ROOF does not look the same from all angles 
and similarly, its function may depend somewhat on 
the point of view. From the viewpoint of the refinery 
executive the most important function a tank roof may 
play is in cutting “overhead.” 



































Take working tanks, for example. Wiggins Pontoon 
Roofs, in thousands of cases, have demonstrated 
their ability to stop the tremendous evaporation 

loss from such tanks. They eliminate this waste- 
ful “overhead” by simply keeping air out and 
vapor in. The roof floats directly on the surface 
of the liquid at all levels, stopping both breath- 
ing and filling losses. 


The saving effected by Wiggins Pontoon Roofs 

repays their cost in a short time. From then 

on, they make a substantial reduction in 
“overhead” throughout their life. 


We have specialized on evaporation en- 
gineering for years and offer a complete 

line of tanks to reduce evaporation un- 
der all conditions. Our nearest office 
will gladly furnish information and 
cost estimates. 


CHICAGO BRIDGE 
& IRON WORKS 


MN Ss. oi scace « * 1255 Dallas Athletic Club Bldg. 
ISAS Sirer ee pyre ene 2919 Main Street 
aS a 3s ON a OR SSS 1626 Thompson Bldg. 
Birmingham........... 1548 Fiftieth Street, N. 
cds 38. Bn 4.9 & Si 2463 Old Colony Bldg. 
I a is cus 5 a Shoe we 1520 Lafayette: Bldg. 
nN PRIETO 2234 Rockefeller Bidg. 
New York........ 3302-165 Broadway Bldg. 
Philadelphia. . . 1608-1700” Walnut St. Bldg. 
Boston. ....... 1529 Consolidated Gas Bldg. 

San Francisco........... 1051 Rialto Bldg. 

Los Angeles......... 1334 Wm. Fox Bldg. 


Plants in Chicago, Birmingham and 
Greenville, Pa. 
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another is largely a problem of diffusion 
through films at the fluid boundaries, Re. 
cent work has demonstrated, however, 
that mixing by turbulence within the 
main body of fluid is seldom so complete 
that non-uniformities can be disregarded 
He cited numerous examples of transfer 
problems which are dominant in the prac. 
tical operations of chemical industry, He 
showed that apparently diverse phenom. 
ena could be correlated by simple general. 
izations and emphasized the value of such 
correlations in the work of the chemis 
and chemical engineer. 

Professor Whitman was formerly asgo. 
ciate director of research of the Standard 
Oil Company (Indiana). Last fall he was 
appointed head of the Department of 
Chemical Engineering at the Massachv- 
setts Institute of Technology. His out. 
standing scientific contributions have been 
in the fields of corrosion and the ab- 
sorption of gases by liquids. His deyvel- 
opments have contributed to increased ef- 
ficiency in operation in various industries 
such as the recovery of gasoline from 
natural gas, the manufacture of liquid 
carbon dioxide and dry ice and the pro- 
duction of refrigerants for household use. 
He graduated from the Massachusetts In- 
stitute of Technology in 1917 and took 
his master’s degree there in 1920, He 
joined the staff of Standard Oil Com- 
pany( Indiana) in.1926 and was appointed 
associate director of research of that com- 
pany in 1930. 


Petroleum Industry 
One of Safest 


[DECLINES of 17 percent in the ‘fre- 

quency of. fatal injuries and of 1! 
percent in the ‘severity of injuries gave 
the petroleum industry in. 1934 one of the 
best accident prevention records to date, 
according to the final report for the year 
made by H. N. Blakeslee, director of the 
American Petroleum Institute’s Depart- 
ment of Accident Prevention. 

Adjustment of forces, addition of men, 
and problems of supervision under NRA 
working schedules led to an increase of 
10 percent in frequency of injuries, but 
the industry’s frequency rate of 14.31 ir 
juries per 1,000,000 hours. worked was less 
than the 1933 all-industry frequency rate 
of 14.56 and probably less than the 194 
all-industry. rate, data for which are nod 
yet available. The National Safety Cour 
cil has forecast a large increase in the 
all-industry rate. 

It is expected that the petroleum indus 
try’s accident severity rate, 1.69 days lost 
for each 1000 hours worked, also will b 
below the all-industry 1934 rate. 

Blakeslee’s records show that betwee! 
1927 and 1934 the petroleum industt) 
through practical -accident - preventia 
measures, has reduced its accident ftt 
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quency rate from 31.15 injuries per 1,000,- 
M0 hours worked to 14.31 injuries. In 
the same period the accident severity rate 
has been cut from .2.65 days lost per 1000 
hours worked to 1.69. During 1934 there 
was one lost-time injury to each 28 work- 
ers, as compared with one injury to each 
11 workers in 1927. The number of fa- 
talities was only one to each 2374 workers 
in 1934, as against one to each 1476 work- 
ers in 1927. 


A.S.T.M. Annual 
Meeting in Detroit 


[N order to provide ample time for 
the presentation of the many tech- 
nical reports and papers which will be 
presented at the Thirty-eighth Annual 
Meeting of the A.S.T.M. to be held in 
the Book-Cadillac, Detroit, June 24-28, 
16 sessions are scheduled. During the 
five days of the annual meeting, the 
society's third exhibit of testing ap- 
paratus and related equipment will be 
in progress. Latest developments . in 
the testing and scientific instrument 
field will be on display and A.S.T.M. 
committees and research laboratories 
will also take part. 

While Monday, June 24, will be de- 
yoted to meetings of many of the so- 
ciety committees, the annual meeting 
opens formally at 10 o’clock Tuesday 
morning with an address of outstand- 
ing interest by C. F. Hirshfeld, chief 
of research department, Detroit Edi- 
son Company, and the presentation of 
the president’s address by Doctor von 
Schrenk, to be followed by the report 
of the executive committee and intro- 
duction of the new officers. 


The Tuesday afternoon meeting will 
comprise a session on testing, including 
papers on elastic strength and its de- 
termination, hardness testing of light 
metals and alloys, relation between 
tension, static and dynamic tests and 
description of a new method for dy- 
namic hardness testing. 


A session of unusually wide interest, 
held on Tuesday evening is to be de- 
voted to a symposium on the “Place of 
Materials in Automobile Roads and 
Rides” which will stress the important 
part that materials play in automobile 
toads and rides, a discussion of the 
Problems relating to materials in this 
field and an indication of further ad- 
vances which appear to be desirable 
a which the future may reasonably 
old, 


_ Simultaneous sessions ,are_ scheduled 
lor Wednesday morning, one being de- 
voted to ferrous materials, the other to 
Paints, naval stores and timber. In 
addition to committee reports, the ses- 
son on ferrous metals will include 


papers on the endurance testing of 


rear axle gears and gear steels and 
the effect on elastic properties of heavy 
steel plate of cold bending and stress 
relief. In the session covering timber 
one paper will discuss methods of test- 
ing fire-retardant treated wood, while 
another is devoted to distribution and 
variations of properties of southern 
pine wood. The session on Wednesday 
afternoon devoted to rubber products 
and petroleum will include papers on 
the effect of volatility on oil consump- 
tion and on the influence of engine 
design on oil consumption. 


The Edgar Marburg Lecture will be 


given Wednesday afternoon. Dr. L. B. 
Tuckerman of the National Bureau of 
Standards will deliver the lecture on 
“Aircraft: Materials and Testing.” The 
annual A.S.T.M. dinner is to be held 
Wednesday evening and will be fol- 
lowed by two addresses on “The Re- 
lationship of Materials to the House 
of Today and Tomorrow.” An of- 
ficial of the Federal Housing Admin- 
istration will give the viewpoint of the 
government, and an outstanding au- 
thority on the subject of modern hous- 
ing will deliver an illustrated lecture 
on what is being done in this country 
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NO. 1A 1” TO 2” USES BUSHINGS 


5 REASONS— 


—why “TOLEDOS” are su- 


preme. 


No. 1—Light nee to permit 


easy handling. Heavy 
enough to withstand hard 
service. 


No. 2—High-Speed steel 2” dies, 
regular equipment. 


. Long life pipe holder, 
durable, simple and posi- 
tive. 


. 4—All parts iron or hard- 
ened steel. Withstand 
years of hard exacting 
service. No soft metal. 


No. 5—Simplified construction 
Minimum number of 
moving parts. 


Your dealer can supply you from 
stock. 


The TOLEDO PIPE THREADING 
MACHINE Co. Toledo, Ohio 
NEW YORK OFFICE, 72 LAFAYETTE ST. 
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See Pages 850-851 Composite 
Catalog for Complete Line 
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and abroad to solve housing problems. , 

The two sessions on Thursday morn- 
ing are devoted to corrosion and its 
related problems and coal and coke, 
textiles and electrical insulating mate- 
rials. The paper in these sessions 
cover such subjects as control of cor- 
rosion in air conditioning equipment, 
corrosion tests of steel pipe, testing of 
wool by the microscope, etc. 

On Thursday afternoon the annual 
golf tournament will be held and a 
number of excursions and industrial 
trips are planned. Sessions on Thurs- 
day evening are devoted, respectively, 
to fatigue and effect of temperature on 
metals, and waterproofing and road 
and paving materials. Papers in the 
first-named session cover tests on tin 
bronzes at elevated temperatures, creep 
characteristics of aluminum alloys,. high 
speed fatigue tests on metals, and a fa- 
tigue machine for testing small diameter 
wire. In the other session there will be 
discussion of stability of granular mix- 
tures, penetration method of measuring 
soil resistance, physical properties of as- 
phaltic mixtures at low temperatures 
and others. 

Two sessions will also be held on 
Friday morning. One of these will be 
devoted to spectrographic analysis of 
materials, steel, plainum, etc. The 
other will be devoted to ceramic ma- 
terials and includes papers on pre- 
stressing ceramic beams, a wear test 
for flooring materials, etc. 

One of the outstanding sessions of 
the meeting is to be held Friday aft- 
ernoon, devoted to committee reports 
and papers in. the non-ferrous metals 
field. Papers discuss the following 
subjects: making and testing single 
lead crystals; testing in the precious 
alloy field; present-day testing require- 
ments in precious metal duplex alloys. 
A number of the non-ferrous commit- 
tee reports will include data of wide 
interest and value. The other session 
on Friday afternoon is devoted to ce- 
ment, clay pipe, etc., and includes pa- 
pers on elastic caulking materials, 
measurement of particle size distribu- 
tion by optical methods and others. 
The closing session on Friday eve- 
ning includes papers and reports in 
the field of concrete. Papers discuss 
the chemistry and physics of concrete 
shrinkage, research on concrete disin- 
tegration, and determination of the 
modulus of elasticity and Poisson’s 
ratio of concrete. 





Barney Osborne, Gladewater, Texas, 
and associates started construction late in 
May on a four-unit gasoline plant in the 
Gladewater section of the East Texas 
field. Plant is on J. B. Sowell et al’s 
W. P. Luse-E. L. Walker lease, near south 
bank of the Sabine River. 


One Hundred Days; 


One Million Barrels 


OPERATING on Kansas crude pro. 

duced in the McPherson area, Globe 
Oil & Refining Company at McPherson, 
on May 19 completed 100 days of eon. 
tinuous operation, skimming and cracking 
in its Winkler-Koch combination unit, 
And on May 19 the plant was still going 
strong with every prospect of continuing 
operation until June 1 or longer. Press 
time for THE REFINER prevents inclusion 


. of the final results for this run. On May 


© when the Editor of THE REFINER yisit- 
ed the plant, there was 91 days continu- 
ous operation behind the operating forces, 
and these men were on their toes and 
determined not only to keep the plant 
functioning efficiently at its rated capacity 
of 10,000 barrels daily, but also to com- 
plete that 100 days of operation and to 
pile up more days on top of that if pos- 
sible. 


During the past year while E. J. Mary 
has been in charge of operations at Me- 
Pherson, certain changes in processing 
facilities and in method of operation have 
been put into effect. In regard to the re- 
cently completed record run “E. J.” mod- 
estly gives all credit to an efficient and 
energetic crew of willing process opera- 
tors. Each and every man on the plant, 
in addition to a determination to operate 
a plant safely (and to support an appar- 
ently unbeatable basket ball team), gives 
his best in the effort toward establishing 
a record for cracking unit operation on 
Kansas crude. On the other hand, there 
is a lot to be said about efficient and 
proper management of a refinery—and 
congratulations are herewith passed out 
to E. J. Mary. 

On the one hundredth day total charge 
at the plant was 1,012,059 barrels, charg- 
ing 39-42 gravity Kansas crude. This 
crude is corrosive, as those familiar with 
Kansas oils well know, and it does not 
hurt matters if a lot of common senst 
and precaution is exercised in operating 
on such an oil. The injection of a little 
lime solution is one means of prolonging 
equipment life and hours on stream. 

During the 100 days reported combined 
Bunker “C” fuel oil and loss was 2462 
percent; the balance being overhead prod- 
ucts. Due to a large rural trade in thal 
territory which requires at least three 
types of white tractor fuels and one prime 
white distillate, and water white kero 
sene, it has been deemed inadvisable to 
operate for maximum yields of gasolint 
However, the gasoline yield during the 
period, of the run was 59.02 percett 
About one half of this was cracked 8 
oline with an octane rating of about os 

This plant was described in a special 
section in THE REFINER in August, 19% 
Since that time a number of changes av 
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LIQUID LEVEL CONTROL 


@ This new engineering bulletin is complete with description, diagrams and charts covering the 
control of gases, steam and liquids . . . @ Up-to-date data on applications, installation and 
operation . . . Will be of immediate interest to designing and operating engineers who want to 


keep abreast with modern developments in the economies of instrumentation. Write for Bulletin E-5. 


AMERICAN METER COMPANY 


MI 


GENERAL OFFICES: 60 EAST 42nd STREET, NEW YORK, N. Y. 
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certain additions have been made, adding 
to efficiency and therefore to the inter- 
est in this type of operation. A complete 
engineering type of article discussing re- 
sults secured has been promised for early 
publication in THe ReErFINer. 





VY PLANT ACTIVITIES Y 


Gasoline Plant: J. E. Crosbie, Inc., 
Tulsa, is to build a gasoline plant in 
NE 30-2-7e, in the Fitts Field, South- 
ern Pontotoc County, Oklahoma. Lo- 








cation is on a lease owned by Mag- 
nolia Petroleum Company. Both ab- 
sorption and compression will be used 


. B. SULLIVAN, well known in the and some of the equipment will be 


moved in from a company plant in 


development and manufacture of the Lovell field, Logan County, Ok- 


heat and corrosion resistant alloy castings, lahoma. 

and organizer of the Michiana Products Refinery: Mongeau & Robert Com- 
Corporation, has joined the Alloy Depart- pany, Ltd., Montreal, Quebec, Canada, 
ment of Lebanon Steel Foundry, located 1S,Teported planning erection of a 


at Lebanon, Pennsylvania. 


$500,000 skimming plant on a site at 
Point-aux-Trembles. 


















Pure Cork Pipe Covering 


Specify Super Thick 
CORINCO 








Cold lines carrying tempera- 
tures as low as —60° F’. must be 
fully insulated. When covered 
with Super Thick CORINCO 
Cork Pipe Covering, the heavy 
walls of pure cork insulation 
keep cold in and heat out. 
We manufacture CORINCO 
Cork Pipe Covering to meet 
the special requirements of re- 
finery engineers. Write for a 
sample and a copy of Price 
List R-4. 








CORK INSULATION CO., INC. 





55 East 44th Street — NEW YORK, N. Y. — Factory-Wilmington, Del. 





Refinery: Pacific Oil Company 
Montreal, Quebec, Canada, has secured 
an industrial site at Point-aux-Trem. 
bles, and is reported planning erection 
of a skimming and cracking plant at 
total cost of $3,000,000. 


Purchase: John W. Gilliland, Keith 
Jones and associates have acquired the 
natural gasoline plant operated by 
Crescent Natural Gasoline Corpora- 
tion, Overton, Texas. Plant, located 
near Kilgore, was originally erected 
by Tall Pines Natural Gasoline Cor- 
poration in 1934. New owners plan to 
install additional equipment and to 
connect about 600 more wells in north- 
ern Rusk County. 


Sale: Jacks Petroleum & Refining 
Company, owning a 1000-barrel skim- 
ming plant near Gladewater, East 
Texas field, has been acquired by M. 
S. Johnson et al. The plant formerly 
was operated at the H. & M. Refining 
Company, Sabine Refining Company 
and Godlin Refining Company. 


Sale: Arrow Refining & Producing 
Company, Overton, Texas, has sold its 
5000-barrel skimming plant and 1v00- 
barrel cracking plant to Gilliland Re- 
fining Company, headed by John W. 
Gilliland, Gladewater, Texas. Henry 
B. Mays, president of Arrow and sub- 
stantial stockholder, has been retained 
as plant manager. 


Refinery: Lakeland Refinery, Inc., 
Lansing, Michigan, R. O. McKee, pres- 
ident, is reported planning erection of 
a 1500-barrel refinery at Lansing at 
reported cost of $100,000. Plans cail 
for completion in September. 


Refinery: Delbert Fortney, Mount 
Pleasant, Michigan, associated with the 
Strange & Fortney Oil Company, is 
reported having tentative plans for 
erection of a $350,000 refinery and 
cracking plant on a 12-acre site recent- 
ly purchased in the village cf Salz- 
burg, near Bay City, Michigan. 


Terminal: American Oil Company, 
marketing subsidiary of Pan Amer‘can 
Petroleum & Transport Company, has 
completed plans for installation of a 
large terminal on the Monongahela 
River at Hays, Pa., near Pittsburgh. 
Cost reported at $1,000,000. i*inished 
products will be barged from Pan 
American Refining . Corporations’ 
Texas City refinery via Gulf of Mexi- 
co and the Mississippi and Ohio rivers. 


Solvent Plant: Gulf Refining Com- 
pany, Port Arthur, Texas, will erect a 
5000-barrel Furfural solvent process 
(The Texas Company, licensors). The 
company recently completed installa- 
tion of an Acetone-Benzol solvent de- 
waxing process (The Texas Company 
licensee) with capacity of 1200 barrels 
per day at the Port Arthur plant. The 
company operates a Duo-Sol process 
plant at its Philadelphia refinery. 


Terminal: Republic Oil Corporation, 
has converted the recently purchased 
refinery of Waverly Oil Works, at 
Coraopolis, Pa., into a large river tef- 
minal with 5,000,000 gallons capacity. 
The company is shipping gasoline 
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from its Texas City refinery to New 
Orleans by tanker and from that point 
by barge up the Mississippi and Ohio 
rivers to Pittsburgh. Republic Oil Cor- 
poration recently purchased the Pitts- 
burgh stations of Shell Oil Company, 
giving it a total of 875 outlets in Penn- 
sylvania, Virginia, West Virg:nia and 
Maryland. 


Refinery: Inland Refineries, Pontiac, 
Michigan, is to build a cefinery at 
Drayton Plains, Oakland County, 
Michigan. E. G. Guy, consulting en- 
gineer in charge. Estimated cost 


$80,000. 


Combination Unit: Magnolia Petro- 
leum Company, Beaumont, Texas, has 
signed contract with M. W. Kellogg 
Company, under Gasoline Products 
Company license, for construction of 
a 33,000-barrel capacity combination 
skimming, cracking and _ reforming 


unit. 


Improvements: Magnolia Petroleum 
Company, Luling, Texas, is modern- 
izing its skimming and cracking in- 
stallation, including reconstruction of 
furnaces and other changes. Contract 
to Alcorn Combustion Company. 


Gasoline Plant: Royalite Oil (om- 
pany is building a new natural gaso- 
line plant on the Sterling-Pacific lease, 
in the South Turner Valley, Alberta, 
Canada, field. To start operating in 


July. 


Cracking Unit: The Model Refining 
Company, Reeds Switch, East Texas 
field, is erecting a cracking unit to in- 
crease gasoline recovery from East 
Texas crude. Skimming capacity 1s 
1500 barrels daily. ~ 


Gasoline Plant: Means & McGehee, 
Inc. Houston, are reported planning 
construction of a natural gasoline plant 
to treat gas from C. B. Bunte’s No. 1 
Lackner, Eureka Heights district, near 
Houston. Project includes gas pipe 
line to service industrial concerns 
along the Houston Ship Channel. 


Refinery: Denver Refining Corapany 
is to be formed by J. D. Cook, L. G. 
Smith and Ray Sims, Denver, Colo- 
rado, to operate a refinery now undcr 
construction at East 52nd St. and Col- 
orado Boulevard, Denver. Capacity 
500 barrels daily. To specialize in rvad 
and fuel oils. 


Gasoline Plant: Texas Carbon and 
Gasoline Corporation, W. T. Wag- 
goner Building, Fort Worth, Texas, 
has been formed by Danciger Oil & 
Refineries, Inc., and David Rubin, to 
erect a 50,000,000 cubic feet natural 
gasoline plant and carbon black plant 
of sufficient capacity to handle residue. 
The two plants will be near Oil City, 
southwestern Hutchinson County, 
Texas Panhandle, and on the C. R. I. 
& G. Railroad. The company has leases 
On 16,000 acres of surrounding gas 
Producing properties, including nine 
completed gas wells. 


Refinery: Ray D. McGlothlin and 
Walter L. Jones, Abilene, Texas, are 
building a 500-barrel skimming plant 
on the Santa Fe railroad, at Golds- 
boro, Texas, to process high gravity 
crude produced on nearby properties 
of Centennial Oil & Gas Company in 
northwestern Coleman County. Part of 


the equipment was secured through 
dismantling the small topping plant 
at Echo, Texas, erected in July, 1931, 
by Echotex Refining Company, (later 
known as The Penn-Tex Producing & 
Refining Corporation). 


Purchase: Eastern States Petroleum 
Company, which recently took over 
the Deepwater Refineries, Inc., plant 
on the Houston Ship Channel, Hous- 
ton, for revamping and operation, has 
purchased a substantial interest in the 
Corpus Christi Refining Corporation 
plant, erected by G. L. Rowsey, et al., 
last year. This is a 1000-barrel crack- 
ing installation of modern type. Com- 
pany also has purchased potential pro- 


ducing acreage in Southwest Texas re- 
cently. 


Cracking: The Texas Company, Port 
Arthur, Texas, is including in its im- 
provement and modernization pro- 
gram, plans for erection of a new com- 
bination skimming and cracking unit 
at reported cost of $850,000. 


Improvements: Shell Petroleum Cor- 
poration, which is engaged in modern- 
ization of its refining facilities 
throughout the United States with no- 
table construction work at Wood 
River, Illinois, and Arkansas City, 
Kansas, again is reported planning ex- 
tensive additions and improvements at 
its Houston refinery with reports esti- 








Kinney Pumps. Save Fuel 
by pumping lubricating oils with little or no heating! 


16 motor-driven Kinney Pumps are installed in small individual pump houses 
just beyond the earth dykes on a certain tank farm. Large suction lines allow oil 
to be pumped at a maximum of 22” vacuum at the pump: Smaller discharge lines 
and pumping pressures of 125 Ibs. are used. 

On many of these lines no heating is needed in the summer, on others very 
little. Temperatures run as low as 60° F. and on heaviest grades up to 130°F. 
(viscosities from approximately 100 SSU to 4000 SSU). 

Total cost—pumps, houses, installation—twas all paid for by the fuel. saved 
in two years. Other advantages: “bright stock” and “golden oils” retain their color 
better due to less heat; lower steam load made new boilers: unnecessary. And, 
since they are Kinney Pumps, repair part costs have been pleasantly low. 

If you see a possible chance to save money in this, or any other use of 


Kinneys write for more details, address: 
af he 
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MANUFACTURING CO. 
3539 WASHINGTON STREET, BOSTON, MASSACHUSETTS 


NEW YORK: 30 Church Street PHILADELPHIA: 725 Commercial Trust Building 
CHICAGO: 1202 Buckingham Building KANSAS CITY: 517 Finance Building 
LOS ANGELES: 1333 Santa Fe Avenue 
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mating expenditures from one to three 
million dollars, to be spent chiefly for 
large modern combination type crack- 
ing facilities. 


Enlarge: Mid-Continent Petroleum 
Corporation, West Tulsa, Oklahoma, 
is reported planning erection of a new 
large Foster Wheeler distillation unit 
to be even larger than the recently 
completed unit at that plant. New 
eauipment will replace presently oper- 
ated shell distillation facilities. 


Improvements: Continental Oil 
Company, Ponca City, Oklahoma, is 
planning to improve both its crude oil 
distillation and cracking facilities in 
the near future, according to current 
reports. 


i Fisscag Brown Instrument Company, 

Philadelphia, manufacturers of in- 
struments and controls, and Minne- 
apolis-Honeywell Regulator Company, 
Minneapolis, manufacturers of control 
systems and regulators, have opened a 
joint office at 303—the 101 Marietta 
Street Building, Atlanta, Georgia. A 
Minneapolis-Honeywell stock will be 
carried, and complete sales and instal- 
lation service maintained at this office 
for the complete lines of both com- 
panies, 


SENSITIV 


\SHHe, 
x Bar nie 


Oromar. nn 


In weights and measures the mi- 
crometer balance is recognized as 
the most sensitive device. In the 
field of Automatic Pressure Con- 
trols the FISHER Wizard Regulator, 
shown at left, is the acknowledged 
super-sensitive controller. 


FISHER Automatic Controls are 
engineered to exactly meet the 
specifications of your order. 
Whether your serviceis forounces, 
a thousand pounds pressure, or a 
liquid level to be maintained ac- 
curately, there is a FISHER Con- 
troller for every installation; and 
above all you are assured of the 
most positive sensitive regulation. 


FISHER fees OK Soe ANS 
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Wesley R. Moore, for a number of NO 
years district manager of Brown Ip. 
strument Company, is manager jp Tul 
charge, with Leon L. Kuempel, sales by 
engineer, Charles A. Kitzinger, service : 
and J. A. Crawley, office 38 





engineer, 
manager. refi 
A: J. O'LEARY has been appointed 


assistant to general manager of roll 
sales at Lukens Steel Company, Coates. bot 
ville, Pa. Prior to joining the Lukens 

organization in 1916, he was with the for 
Pennsylvania Railroad and Alan Wood ing 
Steel Company. O’Leary spent fiye 
years in the mills and mill service de. 
partments at Lukens before he was pin 
transferred to the sales department, len, 
where he served since 1931 until his 


gau 


recent appointment as assistant to gen- ? 
eral manager of sales. me 
OSS HEATER AND MANUFAC. & elit 
TURING COMPANY, announces { 
that its New York office recently has insi 
been moved and the present address is | 
40 West 40th St., New York. anc 
M. R. VAN NORTWICK, fo 3”! 
many years identified with boiler jj ame 

and combustion work in the metropol- flat 
tan territory, is now connected with P 


the boiler sales division of Henry Vogt 

Machine Company, of Louisville, Ker- pre 
tucky, whose New York office is lo- sev 
cated at 80 Broad Street. Sn 


ee F. KOCH, formerly with fre 
Foster Wheeler Corporation, now will 
is representing the Henry Vogt Mz 


chine Company of Louisville, Ken- Wr 
tucky, as boiler sales engineer in the Cor 
Cleveland territory, with headquarters Cor 


at 1005 Rockefeller Building, Cleveland, 
Ohio. 


FFFECTIVE May 18, the Philadel- 

phia district sales office of Republic 
Steel Corporation, -and_ subsidiaries, 
Berger Manufacturing Company, and 
Union Drawn Steel Company was tt 
moved to the Broad Street Station 
Building, 1617 Pennsylvania Boulevard. 
J. B. DeWolf continues in charge of 
the office as district sales managefy 
assisted by the present staff. 


ENERAL REFRACTORIES 
COMPANY, Philadelphia, Pa. 4 
nounces appointment of Shadbolt 
Boyd Company, Milwaukee, Wisconsi 
as dealer agents in the Milwaukee are 
Shadbolt & Boyd company will c 
a complete stock of refractories. 

















CLP UERAL REF RACTORIES 
COMPANY, Philadelphia, # 
Broadway 


nounces appointment of 
Manufacturing Company, Knoxvillé 
Tennessee, as dealer agents in tht 





n In- 
er in 

Sales 
ervice 


liaries, 
r and 


NO SMALL part of the preference for Scovill Condenser 
Tubing in the oil industry rests on the interesting. method 
by which Scovill produces Cup Drawn Admiralty—a _ tub- 
ing especially well suited to the conditions met in most 
refineries. 

The alloy is first melted and cast into flat slabs (1) then 
rolled into heavy gauge sheet metal (2). Both top and 
bottom surfaces are milled and inspected with great care, 
for one side is to become the tube’s inner surface. Blank- 
ing presses cut out discs (3), and draw them into heavy 
gauge cups (4). Only perfect metal can survive this cup- 
ping operation. Finally a series of presses and benches 
lengthens and thins the cups into tubes (5, etc.). Through- 
out this entire procedure controlled annealing relieves any 
metal strains produced by working and constant inspection 
eliminates any tubes with surface defects. 

The finished tube is gauged for thickness, outside and 


inside diameters, concentricity again visually inspected, — 


and tested under 1000 lbs. water and 80 lbs. air pressure. 
Samples are analyzed for grain size and checked for alloy, 
and others are subjected to tortuous bending, flaring and 
flattening tests. 

Scovill engineers welcome discussion of your tubing 
problems. With years of experience and 
several proved alloys available, you will 
find them well qualified to help you. A 
free booklet — “Condenser Tubes” — 
will be mailed to interested persons. 
Write for it. Scovill Manufacturing 
Company, 13 Mill Street, Waterbury, 


Connecticut. 


Standard Scovill Cup Drawn 

Admiralty Tubing stood up 

through flattening, bending, 

flaring and beading—to make 
this sample ash-tray! 


SCOVILL MANUFACTURING COMPANY | 


WATERBURY, CONNECTICUT 


Boston Providence New York Philadelphia Atlanta Syracuse —_—Pittsburgh 
Detroit Chicago Cincinnati San Francisco Los Angeles 
IN EUROPE: The Hague, Holland. IN CANADA: 334 King Street, E., Toronto, Ontario 


CONDENSER TUBES | 






























































Knoxville area. Broadway Manufac- 
turing Company will carry a complete 
stock of refractories. 


J. TAGLIABUE Manufacturing 
Company, Brooklyn, New York, an- 
nounces appointment of E. D. Wacker as 
assistant general sales manager. Mr. 
Wacker has been with the company for 
11 years, part of the time as manager of 
the Pittsburgh territory and, more re- 
cently, as division sales manager in charge 
of Snapon Controller sales for domestic 
refrigerators. A considerable portion of 





tacting sales representatives as well as 
jobbers. 

The company also announces that the 
sales of the Snapon Controller Division 
will be in charge of R. A. Skinner. 


OMPAGNIA Tecnica Industrie Pe- 

troli S.A.I. of Milan, Italy, has con- 
summated a license agreement with Chi- 
cago Bridge & Iron Works, Chicago, cov- 
ering the sale, manufacture and erection 
of Wiggins Floating Roofs and Wiggins 
Breather Roofs for oil storage tanks in 
Italy. 








his time will be spent in the field con- 


Other firms 


licensed to manufacture 
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Duriron Plunger Release 
Plug Valve 


TALVES ... 


that always work 





them. 


Similarly Duriron Valves are built for a 
special job ... that of handling acids and acid 
sludges. They, too, can always be relied upon; 
never demand replacement; hold down main- 
tenance cost. 

Furthermore, they are “utility” valves; 
adaptable for any acid service in the refinery 

. on unloading lines ... at the concentrator 

. on acid transfer lines ... at the treating 
plant. And even though there is grit in the 
material being handled, the hardness of Dur- 
iron protects it from scouring. 

Duriron Valves are made in a variety of 
types and sizes, including Y Valves, Plunger 
Release Valves, Lubricated Plug Valves, 
Check Valves, etc. 

The fact that Duriron Valves are in use in 
most of the principal refineries is convincing 
evidence that Duriron is best by test. When 
in need of corrosion-resisting valves, write us. 
Our specialized facilities are at your service. 


Valves are like men. Some are especially 
created for their jobs; always to be relied 
upon; never causing trouble. 

Men of this type constitute the backbone 
of your organization. They give you a sense 
of security in its future. You are proud of 





Duriron Y Valves 
in sizes from 1” to 6” 


Standard and special valves 
made in five different cor- 
rosion-resisting alloys for 
handling all kinds of acids. 


THE DURIRON COMPANY. Ine. 


412 N. Findlay St. 





Dayton, Ohio 


DURIRON 
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Wiggins Roofs in foreign countries ar 
Horton Steel Works, Ltd., Fort Erie, On- 
tario; The Motherwell Bridge & Engj- 
neering Company, Ltd., Motherwell, Scot- 
land; The Whessoe Foundry & Engineer. 
ing Company, Ltd., Darlington, England; 
Worms & Cie. LeTrait, France; and 
Asano Bussan Company, Ltd., Tokyo.” 


Bese ar 


Japan. 4 


VULCAN Steel Tank corporation hag: 

about completed new offices in Tulsa 
to accommodate the recently formed Peo 
troleum Division. It will engineer, man F 
facture and install gasoline plants andu 
refinery equipment under the direction of 


R. B. MILLARD 


R. B. Millard, chief engineer, who for 
the past 16 years was designer for South- 
western Engineering Company equipment 
and represented that company in Tulsa 
as district manager and abroad as Euro- 
pean representative. In addition to stand- 
ard designs of exchanger and bubble tow- 
er equipment, the company will manufac- 
ture and market a new type of helical 
heater for heating crude, gas and air, a 
helical exchanger and other equipment and 
processes departing radically from con- 
ventional designs. 





HERBERT J. WINN, president of 

Taylor Instrument Companies, Ro- 
chester, N. Y., sailed from New York, 
May 15, for London and a five-weeks 
business trip. A major part of his time 
while there.will be spent at the plant 
of Short & Mason, Ltd., manufacturing 
distributors of the Rochester firm in 
Great Britain. 
















You specify 









| Exceptional performance 


—when you specity 


/ 
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CHAPMAN VALVES 


There is a Chapman Valve for every oil indus- and the designs required by new conditions. In 
try job from the easiest tank-farm service to the field they check actual performance. Develop- 


handling the hottest blasts from sour crude crack- ment is continuous. The result is a line of valves 


ing stills. And every one of these valves offers that deliver exceptional performance. 


you definite proved characteristics. Before you You specify rock-bottom repair and ‘replace 


‘ : sapay ment costs when you specify Chapman Valves for 
ever put it on a job, you can be sure that it will pees i Ses 
every oil industry valve job. The line is complete 


stay on the job. ... iron, bronze, steel and special alloys . . . gate, 


Year-in-and-year-out, Chapman _ metallurgists globe, angel, check valves and fittings in all sizes, 
follow the Industry’s process trends. In the Chap- for pressures up to 1500 pounds and tempera- 


man research laboratories they develop the metals tures from 50 below zero to 1000 degrees above. 


z%(HAPMAN VALVE 


MANUFACTURING COMPANY 


iN Dt AS OR C-H: A RD MAS $ A.C BH G3 2.2 eS 
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LICENSES granted under 
United States and Foreign 
Patents for: Cross « de 
Florez « Holmes-Manley e 
Tube and Tank Cracking 
Processes and Combination 
Cracking Units. 


Licensing Agents: 
The M. W. KELLOGG CO. 
225 Broadway - New York 

or its 
European Representative: 
Compagnie Technique des 
Petroles - 134 Boulevard 
Haussmann - Paris, France 


ww 


| eal. 


® Economic conditions make it essential for a refiner, 
when considering an investment in cracking equipment, 
to select an experienced licensing organization—one whose 
service is comprehensive enough to secure the benefits of 


the latest designs, methods and equipment. 


® Gasoline Products Company by coordinating the tech- 


nical data of several major refinery organizations is in a 
position to design combination cracking units adapted to 
the individual requirements of the refiner. 


® A constantly increasing number of refiners are availing 


themselves of this broad and comprehensive service. 





GASOLINE PRODUCTS COMPANY 


INCORPORATED 


og ll COMMERCE STREET - NEWARK, NEW JERSEY 



















by 
THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 
under the supervision of 


DR. E. H. LESLIE and DR. H. B. COATS 


SCIENCE AND TECHNOLOGY — v 


Abstracts prepared in co-operation with the 
REFINER AND NATURAL GASOLINE MANUFACTURER 










The abstracts here presented are selected from the current literature of science and technology to afford 
reference to fundamental information not easily available to all readers. Abstracts of articles appearing 
in readily obtainable trade journals are not included. 


Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. Complete or 
limited bibliographies covering special topics by title, by abstract, or in complete manuscript, will also be 
prepared and furnished at reasonable cost by the Laboratories. 








indamental Physical Data 


Critical Constants of Propane. J. A. 
SBeatre, N. PorrenserceR AND C. Hap- 
Mock. Jour. Chem. Physics, 3 (1935), 
pp. 96-7. 

© The critical constants of C,H, are: te=96.81 
» 0.01°, pe=42.015-0.02 normal atmosphere, ve 
) 20.195 1./mole (4.43 cc./g.), de==5.19 moles/1. 
4 (0.226 g./cc.). The uncertainty in the critical 
' yolume and density is 1%. 


| Heat Capacities and Dissociation 
| Equilibria of Gases. B. Lewis anp G. 
von Exse. Jour. Am. Chem. Soc. 57 
» (1935), pp. 612-4. 


Accurate data covering heat capacities and 
dissociation equilibria derived from band spec- 
troscopic data for gases have been gathered 
and arranged in two tables. The first table 
covers the energy content of hydrogen, oxygen, 
nitrogen, carbon monoxide, nitric oxide, water, 
carbon dioxide, ozone, bromine, and hydro- 
bromic acid from 200° to 3500°. Table two 
gives the equilibrium constants for numerous 
equilibria involving these gases. Complete ref- 
erences to sources are included. 


Vapor-Liquid Equilibrium Data for 
Commercially Important Systems of 
Organic Solvents. A. S. BRUNJES AND C. 
C. Furnas. Ind. Eng. Chem. 27 (1935), 
pp. 396-400. 


The authors comment on the increasing use 
of solvents for commercial purposes and the de- 
sirability of having more reliable distillation 
data for binary and more complex mixtures of 
these solvents in order to permit the effecting 
of their separation and purification. In the 
Present article the liquid-vapor equilibrium 
curve for the binary system n-butanol n-butyl 
acetate, and n-butanol acetone are given. The 
composition for the azeotropic mixture of n- 
butanol n-butyl acetate was found to be 72.9 
mol per cent alcohol and the boiling point 
116.5°C. at 760 mm. The system n-butanol-ace- 
tone forms no constant boiling mixture. 


_Heats of Combustion and of Forma- 
tion of the Normal Paraffin Hydrocar- 
bons in the Gaseous State, and the 
Energies of their Atomic Linkages. 
F. D. Rosstnt. Bur. Stand. Jour. Res., 
13 (1934), pp. 21-35. 


Accord'ng to prevailing ideas, the heats of 
~.combustion of the paraffin hydrocarbons in the 
Saseous state should show constant differences 
between successive members of the series. Data 
for the first five normal paraffins show that, 
although the successive differences are not con- 
Stant, they tend to approach a constant value 
with increasing number of carbon atoms. The 
Seneralization is made that in any organic 
molecule containing a normal alkyl group of 
More than five carbon atoms, the addition of 
H, group to the alkyl group to form the 
next higher normal alkyl group results in an 
Merease in the heat of combustion in the gase- 


ous state at 25°C. and 1 atmosphere pressure 
of 157.005-0.08 kilogram calories of 15° per 
mole. Heats of formation can be most ac- 
curately computed from heats of combustion. 
However, it is necessary to know the heats of 
formation of liquid water and gaseous carbon 
dioxide. The heats- of formation. were calcu- 
lated using the standard states of carbon as 
beta-graphite and diamond. The energy of dis- 
sociation of normal C,H,,,, (gaseous) into 


gaseous carbon and hydrogen atoms is a linear 
function of N if N is greater than 5. Devia- 
tions are given where N is less than 5. 


Compressibility of, and an Equation 
of State for, Gaseous Ethane. J. A. 
Beattie, C. Haptock AND N. PorFen- 
BERGER. Jour. Chem. Physics, 3 (1935), 
pp. 93-6. 


The authors determine the compressibility of 
gaseous ethane over the pressure range 0.5 to 
5.0 moles per liter, and temperature range 25° 
to 250°C. Ethane decomposes when in contact 
with steel above 250°C. An equation of state 
that has.an average deviation of 0.21% was 
fitted to the data. The error is 10% when ex- 
trapolated to the critical pressure. The weight 
of a normal liter is given to 0.2%. The vapor 
pressure of liquid ethane at 0° is 23.57 normal 
atmospheres and at 25° 41.37 normal atmos- 
pheres. 


Energies of Hydrocarbon Molecules. 
R. Serser. Jour. Chem. Physics, 3 (1935), 
pp. 81-6. 


The total energies of formation from the 
elements of propane, butane, butylene, 1, 2, 3, 
4-tetrahydrobenzene, cyclohexane, acetylene, 
benzene, 1, 2-dihydrobenzene and naphthalene 
were calculated. The gross energies of the 
carbon-hydrogen, carbon-carbon, and double- 
bond carbon-carbon bonds were calculated from 
the observed energies of methane, ethane, and 
ethylene. Observed and calculated values agree 
well. However, the author regards the validity 
of any empirical bond additivity rule as merely 


fortuitous. 


Critical Solution Temperatures of 
Some Hydrocarbons in Sulfur Dioxide. 
R. T. Leste. Bur. Stand. Jour. Res., 13 
(1934), pp. 589-597. 


The separation of the components of the 
naphtha fraction of petroleum by the use of 
extracting agents boiling at about 0°C. was in- 
vestigated. The solution temperatures in liquid 
sulfur dioxide of seventeen paraffin and naph- 
thene hydrocarbons were determined. he re- 
sults were correlated with the boiling-points of 
the hydrocarbons ‘to study the possibility of 
separating nearly constant boiling-point mix- 
tures. A few experiments were made using 
liquid ammonia and several aniline-points were 
determined for comparison.' The relationship 
between boiling-point and critical solution tem- 
perature in sulfur dioxide is nearly linear for 
the normal and iso-paraffins from hexane to 
tetradecane. The line for the cycle hydrocar- 
bons falls below that for the paraffins and is 
not regular. It was concluded that sulfur diox- 
ide and ammonia show little promise as extract- 
ing agents. Aniline appears to be superior to 


the other two sdlvents. 


June, 1935—A Gulf Publishing Company Publication 


Chemical Composition and 
Reactions 


Separation of a Dimethylcyclohexane 
Fraction from an Oklahoma Petroleum. 
R. T. Lestre. Preprint, Am. Chem. Soc. 
Meeting, New York City, April, 1935. 


_ A monocyclic naphthene hydrocarbon was 
isolated from a fraction of an Oklahoma petro- 
leum boiling at 119° to 121°C. By comparison 
with hydrogenated meta- and para-xylene it was 
judged that the naphthene from the petroleum 
was chiefly meta-dimethylcyclohexane. How- 
ever, the isolated material was possibly an 
eutectic mixture of isomers with one in slight 
excess. 


The Isolation of Ethylcyclohexane 
from an Oklahoma Petroleum. F. W. 
Rose, Jr, AND J. D. Wuite. Preprint, 
Am. Chem. Soc. Meeting, New York City, 
April, 1935. 

A naphthene identified as ethlcyclohexane was 
isolated from a fraction of an Oklahoma petro- 
leum that boiled 131-3°C. Comparison of the 
isolated material with synthesized ethylcyclo- 
hexane indicated a purity of about 95%. This 
hydrocarbon is present in the petroleum to an 
extent not exceeding 0.2%. 


IV. Composition of Straight-Run 
Pennsylvania Gasoline. Fractionation 
of Straight-Run Gasoline. C. O. Tonc- 
BERG, D. QuiccLeE, AND M. R. FENSKE. 
Preprint, Am. Chem. Soc. Meeting, New 
York City, April, 1935. 


Fractionation of straight-run gasolines from 
Pennsylvania and Michigan crude is described. 
The fractions showed wide variations in octane 
number, refractive index, and boiling range. 
Pennsylvania gasolines proved to be more com- 

lex in nature than Michigan gasoline. Narrow” 
dine range fractions were blended to pro- 
duce a gasoline of higher octane rating than 
the original. The remaining fractions can be 
blended for use as Diesel fuel or for solvents. 


The Separation of Petroleum Hydro- 
carbons with Silica Gel. A Simple Meth- 
od for the Quantitative Removal of the 
Aromatic Components from the Naph- 
tha Distillate of Petroleum by A 
tion on Silica Gel. B. J. Mair anp J. D. 
Waite. Preprint, Am. Chem. Soc. Meet- 
ing, New York City, April, 1935. 

A number of binary mixtures of pure hydro- 
carbons, boiling from 80° to 175°C were sepa- 
rated by fractionation effected by filtration 
through columns of silica gel. e experi- 
ments showed that aromatic and olefin hydro- 
carbons can be completely removed from paraf- 
fin and naphthene hydrocarbons, that small 
but definite separations of naphthenes from 
paraffins occur, and that a slight separation of. 
normal paraffin of different molecular weight 
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58% Soda Ash 
Caustic Soda 


Solid—Flake—Ground—Liquid 


Leading refiners depend on these products for the 
quality and uniformity which industry inevitably asso- 
ciates with the name Solvay. First in pioneering the 
development of American sources of alkali, The Solvay 
Process Company is recognized as the outstanding 
leader of its field—first in size and first in facilities 
for rendering efficient service. 


Stragetically located distributing points ensure prompt 
delivery of Solvay products with minimum transporta- 


tion charges. 


Write today for prices and full information. 


Solvay Sales Corporation 


Alkalies and Chemical Products Manufactured by 
The Solvay Process Company 


40 Rector St. 


New York 





WATER and AIR 





A good steam trap should 
discharge both quickly. 
Nicholson does it quicker 
than majority of makes 
because it is a combina- 
tion automatic air vent 
and water trap. Large in 
capacity and low in price. 
Vacuum to 200 Ibs. 60 
days trial. Bulletin No. 
833 on request. 





FLOATS 
Stainless Steel and Welded Steel 


(Chromium Plated) 


For all pressures up to 2000 Ibs. Round and 
oblong sizes 3” to 12” in diameter in_ stock. 
Inquiries on special floats solicited. Bulletin 
No. 431 on request. 











W.H. NICHOLSON & CO. 157 Oregon St. WILKES-BARRE, PENNA. 
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also. occurs, the paraffin of lower mol 
weight being adsorbed in preference to ‘that _ 
higher molecular weight. 


_ Sulfur Compounds of Technical Jn. 
terest. The Isomeric Thiophthens, F 
CHALLENGER AND J. B. Harrison. Joyy 
Inst. Pet. Tech. 21 (1935), pp. 135-54. © 


The authors report an investigation of the 
thiophthens, the bicyclic sulfur compounds ana. 
logous to the monocyclic sulfur compound thi. 
ophen. The chemistry of these substances and 
the literature of the subject in general js Te. 
viewed in some detail. The experimental work 
in which the solid and liquid iileghthens were 
prepared from acetylene and boiling sulfur jg 
described. Liquid thiophthen was prepared also 
from citric acid and phosphorus disulfide. The 
preparation of various derivatives is described, 


Pyrolysis of Gaseous Paraffin Hydro. 
carbons. H., TropscH. ANp ‘G. Ecuorr, 
Preprint, Am. Chem. Soc. Meeting, New 
York City, April, 1935. 

The pyrolysis of gaseous paraffin hydrocar- 
bons at temperatures of 1100 to 1400°C. and 
at 50 mm. ‘pressure was studied. At 1100°C. 
propane and butane formed: a maximum of 15 
and 22 volumes of 6 ges ow per 100 volumes 
of hydrocarbon used, réspectiyely. The maxi- 
mum yields of acetylene from ethane and pro. 
pane at 1400°C. were 53 and 76 volumes per 
100--volumes- of- hydrocarbon -used -with a~ con. 
tact time of 6/1000 second. Methane required 
10-20 times longer treatment at 1400°C. to form 
the maximum quantity of acetylene. ‘ The’ maxi- 
mum obtainable yield of ethylene from ethane, 
propane, and normal butane is discussed. 


Pyrolysis and Polymerization of Gas- 
eous Paraffins and Olefins. F. W. Sut- 
LIVAN, Jr., R. F. RutHrurr, ann W. E, 
KUENTZEL. -Preprint,. Am. Chem. Soc. 
Meeting, New York City, April, 1935. 


. The pyrolysis of ethane, propane, butane, and 
isobutane in KA2S coils is reviewed. Under 
optimum conditions a 75 to 100% by volume 
yield of olefins is secured. Paraffins higher 
than ethane decompose largely with formation 
of olefins and lower paraffins. The weight 
yield of olefins is less than the volume yield 
and averages about 60%. Results obtained in 
the polymerization of ethylene and propylene 
are reviewed. The. polymerization runs were 
made at 500 to 3000 pounds pressure and un- 
der optimum conditions about 75% of the ole- 
fins convert to liquid. 


Cracking and Polymerization of Low 
Molecular Weight Hydrocarbons. K. 
FrRoLicH AND P. J. Wrezevicu. Preprint, 
Am. Chem. Soc. Meeting, New York City, 
April, 1935. 


The thermal decomposition of methane, 
ethane, propane, normal butane, the corre- 
sponding olefins, and acetylene is discussed 
from the standpoint of maximum olefin and 
liquid fuel production. Simultaneous cracking 
and polymerization at atmospheric pressure is 
discussed and compared to cracking at atmos- 
pheric pressure for maximum unsaturate pro- 
duction followed by polymerization at high 
pressure and lower temperature. The removal 
of hydrogen iticreases the yield of liquid prod 
ucts almost four-fold. The introduction of air 
into heated olefins starts polymerization at 
muéh: lower.-temperatures and pressures than 
if air is not present. 


Catalytic Polymerization of Gaseous 
Olefins by Liquid Phosphoric Acid. V. 
N. Ipatierr. Preprint, Am. Chem. Soc. 
Meeting, New York City, April, 1935. 


Ethylene, propylene, and the isomeric buty- 
lenes were polymerized by phosphoric acid to 
liquid mono-olefins. The catalytic action. of 
phosphoric acid depends upon its capacity to 
form esters that serve as intermediates in the 
formation of the polymers. The process has 
been effected in two steps as postulated. Vari 
ous metallic salts and oxides promote _the cata 
lytic activity of the phosphoric acid. Individual 
olefins can be selectively polymerized in the 
presence of others. Naphthenes are formed ut 
der some conditions as a result of the cycliza- 
tion of olefins. Paraffins and aromatics are 
formed as a result of hydrogenation-dehyrogen- 
ation reactions. 


The Reaction between Oxygen and 
2-Butene. -H. J. Lucas, A. N. PRATER, 
AND R. E. Morris. Jour. Am. Chem. Soe. 
57 (1935), pp. 723-7. 


The authors report the result of studies di- 
rected to determining the mechanism of oxida- 
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Does refining pay? 


Less than a year ago, a certain skim- 
ming plant refiner, and a good one, was 
out of luck 


He was making a salable product but 
the by-product, which he could not sell, 
sucked all the profit out of his operation 


Then his wisdom turned bad luck 
into good luck—he installed a Dubbs- 
cracking unit 


Today his refinery is running to 
capacity, earning a profit of 57 cents a 
barrel on the crude (his own figure) 


Are you making 57 cents a barrel on 
your operations? 


Universal Oil Products Co 


Dubbs Cracking Process 
Chicago, Illinois. se 


Owner and Licensor 
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L i 7 
Portable — Automatic 
Cleanabie — Reasonable 


FRACTIONATORS — 
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Some of the many Quimby 
SCREW Pumps out in service 
have been operating for more 
than 25 years and as yet have 
not required any spare parts. In 
the Navy, there was a period of 
about 16 years when 450 Quimby 
pumps averaged only $5.58 each 
for spare parts—not annually— 
but for the entire period. 
























































Such low maintenance implies 
strongly an unusual dependabil- 
ity. Quimby Pumps are the kind 
of pumps refineries need. 































































































VULCAN 





GAS - AIR 
OIL - WATER 
HEATERS 


FOR 
SULLIVAN HEADS 


TREATERS—DEHYDRATORS. 
7 


FIRED PREHEATERS FOR STA- 
BILIZERS—ABSORPTION 
PLANTS. 

+ 
FEED WATER HEATERS. 
WASTE-HEAT BOILERS. 


Process Engineers and Manufacturers 


STABILIZERS — 
PORTABLE TOPPING UNITS — 
EXCHANGERS = 


VULCAN STEEL TANK CORP. 


Call or Write: R. B. MILLARD, 
TULSA, OKLA. 


BY PUMPS 


Maintenance . . . A Negligible Factor 


GASOLINE PLANTS 
FURNACES 
TANKS 


Chief Engineer, Petroleum Division 





Quimby SCREW and ROTEX 
Pumps will take care of many of 
the refinery’s pumping problems, 
handling as they will products 
ranging from thin, fluid distil- 
lates to heavy viscous oils or 
greases. Both pumps are noted 
for their simplicity, having only 
2 moving parts. Both pumps can 
operate with high suction lifts 
against high heads, delivering a 
smooth, steady flow. 


QUIMBY PUMP COMPANY 
342 THOMAS ST. NEWARK, N. J. 
Offices in Principal oo oe United States 





Quimby high-pressure SCREW pump with turbine drive. 














tion of hydrocarbons. When a mixture of 2 
butene and oxygen, with butene in eXCESS, Was 
passed through a hot tube at different tempera 
tures between 375° and 490°C., the principa 
reaction products were found to be 

hyde and butadiene. Less important reacs 
products were glyoxal, an olefin oxide, 

and some peroxide. At the higher temp 
octene was formed by a lymerization 
tion. The results indicate that hydroxylation is 
not important in the oxidation of 2-butene, for 
no methyl ethyl ketone was formed and’ this 
substance would have been formed if hydroxy. 
lation were the first step. A probable reaction 
mechanism assumes the formation of 2-butene 
peroxide which decomposes into acetaldehyde 
The other products are believed to have te. 
sulted from a succession of reactions that are 
already known. 


Dependence of Methane - Oxygen 
Low-Pressure Explosion Limit on Na. 
ture of Reaction Vessel Surface. H, 
StorcH. Jour. Chem. Soc. 57 (1935), pp. 
685-6. 

Experiments were conducted to determine the 
low-pressure explosion limit of methane-oxygen 
mixtures using various surfaces of reaction 
vessel. The limiting pressures vary widely with 
the type of reaction surface employed. 


_ The Effectiveness of Lead Tetraethyl 
in Increasing the Critical Compression 
Ratio of Some Individual Hydrocar. 
bons. J. M. CampseLt, F. K. Sicnaico, 
W. C. Lovett, ann T. A. Boyp. Preprint, 
Am. Chem. Soc. Meeting, New York City, 
April, 1935. 

Quantitative measurements of the specific 
antiknock effect of lead tetraethyl in 62 in. 
dividual hydrocarbons were made. It was 
found that there are variations as high as 
twenty-fold in the effectiveness of lead tetra 
ethyl in suppressing knock in different hydro. 
carbons. General relationships between hydro 
carbon structure and susceptibility to lead that 
appeared to be consistent within the scope of 
the work done, are described. 


Products: Properties and 
Utilization 


Light Effect on Color Stability of 
Gasoline. J. C. Morrett, W. BeEnenict, 
AND G. Ectorr. Preprint, Am. Chem. Soc. 


Meeting, New York City, April, 1935. 

The effects of light on the color stability of 
Mid-Continent gasolines containing sulfur and 
normal propyldisulfide were studied using oxi- 
dizing, reducing, and inert atmospheres. In 
oxidizing atmosphere color, haze, peroxides, 
acids, and gum formed. Sulfur increased color, 
gum, and haze formation. The disulfides caused 
only color and haze formation. Exposure to 
non-oxidizing atmospheres caused no deteriora 
tion except in the case of those gasolines that 
contained sulfur, in which some color and 
gum formed. It was determined that particles 
causing haze contained sulfuric acid and or- 
ganic matter. 


Inhibitor Dyes in Cracked Gasoline. 
C. D. Lowry, Jr, G. Ectorr, J. C. Mor- 
RELL, AND C. G. Dryer. Ind. Eng. Chem. 
27 (1935), pp. 413-15. 

The extensive use of dyes in gasoline and 
the successful application of inhibitors to the 
stabilization of cracked motor fuel suggested 3 
study of compounds possessing both coloring 
and inhibiting properties. In a study on the 
relationship of structure to inhibiting effective 
ness, it was found that the presence of primary 
and secondary aromatic amino and aromatic 
hydroxyl groups usually conferred antioxidant 
power, and that the effect of these groups was 
increased by the presence of alkyl or tertiary 
amino groups, particularly when in the orth 
or para position. The effects of chromophoric 
groups on inhibiting power had not previow 
been determined. Two indophenol dyes were 
prepared, indophenol and Phenol Blue. 
were found to be effective antioxidants. 
corresponding leucoindophenols were even more 
powerful inhibitors. 


Significance of Proknocks in Hydro- 
carbon Combustion. A. R. UBBELOHDE 
anp A. Ecerton. Nature, 135 (1935); 
p. 67. 


Many substances have a mild proknock e& 
fect, but a special class has a pronounced pro- 
knock effect in concentrations as low as i 
and 10-* mol. fraction. This special class m™ 
cludes organic compounds, the dissociation 
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COMPLETE 

WESTINGHOUSE FACILITIES 

FOR PRODUCING CLASS 1 
HEAT EXCHANGERS 


Few manufacturers have such complete facilities, as 
does Westinghouse, for the production of Class 1 Heat 


Exchangers. 


All these facilities are located in one plant ... under 
one supervision. They are backed by the service of 
specialized engineers; also by the use of approved welding 
apparatus and methods, large stress-relieving furnaces, 


and modern X-Ray testing equipment. 


From the minute the original drawings are started until 


the job is ready to ship—you get undivided responsibility. 


Westinghouse in its many years of service to industry 
... in producing Heat Exchangers of every class ... has 
recognized this responsibility and has carefully built in the 


extras which assure that important factor—reliability. 





June, 1935—A Gulf Publishing Company Publication 























which es radicals of the types RO. 
and HO-. It appears that this disruption of 
already oxegenated molecule may be comp 
to many explosion processes that depend 
chain branching. It is notable that the og 
centration required for proknock effec i 
smaller than 10-5, since concentration of an 
knock substances of substantially the gam 
order are required to prevent knocking, 


Cold Test for Fuels. B. H. Morr 


AND A. C. vAN Beest. Jour. Inst. Pop 
Tech. 21 (1935), pp. 155-68. 


_Some fuel oils, particularly residual fue] 
give a pour-point dependent upon the a 



















ture of pre-treatment. To obviate this 
culty the A. S. T. M. maximum pour-point de- 
termination prescribes a temperature of pre- 
treatment. However, the A. T. M 
point- as determined is not always the 
mum, and secondly, in most cases, if not in 

a fuel oil will be freely flowing at a 
lower temperature than the A. S. T. M. pour 
point. On the other hand, the I. P. T. 
point is too low as determined, when compare 
with the results in actual practice. The 


pendency of pour-point on thermal history 

4d occasioned by the presence of asphaltenes, 
these substances are removed the fuel ; 
u r a Vv ]@ temperature-insensible. The. asphaltenes og 








cooling separate on the surface of the wax 
crystals, thereby preventing formation of 
. a . 4 cohesive crystal structure. A new method 

pour-point determination is proposed, which, 

een rac ica im | n a ] although aiming at a maximum point, is better 

adapted to securing results in conformity with 

practical use. The oil is pre-cocled to eliminate 

the influence of asphaltenes on the wax, and 


"In the past two years our fire losses have been negligible. We pre-heated to such a temperature that the as 
° Ms an ‘ phaltenes do not re-dissolve. In place of @ 
equipped all of our*storage tanks with S. & J..Gas Tight Automatic pour-point, the pressure at which the fuel em 
Gauges, Flame Arresters, Explosion Vents, and other safety and — ae ee 2 ee 
conservation devices. We have anticipated and provided against Fe Aging K, Peorg 5 Lubrieaa 
ractically every type of accident or natural cause that might start ils and the Products Therefrom. H. 
P tank fi gu Tala 9 MULLER AND W. MuLLER. Montan. Rund- 
mahi: | cata schau, 26, No. 23 (1934), pp. 5-6. 
* Air was conducted through lubricating off 
Thus one tank farm superintendent tells another, and the good name for & hours wt 95°C. im tha precanea a 
of S. & J. Safety and Conservation devices is enhanced. Their wide ent substances. Metals do not affect the se 
° : ponification number, but metal oxides and metal 
use on petroleum storage tanks in all parts of the world is largely salts increase it, a& does also. agitation of the 
; i H oil. Water vapor, organic substances, such as 
the — of satisfactory performance which one oil man relates Fesorcinol, pyrogallol and. other hydroxy! cam 
. pounds at a concentration o approximately 
to ‘another 0.1%, acted as amore ge gg se = 
. aged oil was extracted with caustic soda an 
Today, S. & J. offers the most complete line of petroleum storage thie in turn with petroleum, ether. The liga 
tank fittings on the market. They are shown in our new catalog in and solid products separated were studied. 


blue print form and described in language spoken by engineers. 


Write for a copy of this new catalog today—it contains all the Manufacture: Processes 


technical data you will want on construction details, material speci- And Plant 

fications, dimensions, weights and sizes. Your catalog file is not Aging of- Mixtures of Transfocne 

complete without a copy of this book. Oils. Gouve.. De Ingenieur, No. 4, 
(1934), E. 173. 


SHAND & JURS CO Recent studies on the Continent. contradict 
° the views expressed by Forster and others that 


oil in transformers should be topped only with 


BERKELEY, CALIFORNIA oil of similar origin and degree of refining. 
H Weiss and Salomon (Conf. Int. des Grands 
295 Madison Avenue, New York, N. Y. Reseaux, 1931, Tl, p. 381) concludes from 


tests extending over a three-year period that 


the addition of fresh oil of different origin does 

not accelerate sludging. A commission has 

* collected data from German power-stations over 

° a period of several years (Mitt. der Studier- 
gesel. fur Hochstspannungsanlagen e.v., Elek- 
trizitatsbewirtschaft, 1934, p. 43) and their 
findings confirm those of Weiss and Salomes. 
Bg In a few cases increase in sludging and aci 
formation occurred, but could be accounted for 
on the basis of the inferior nature of the omg 
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For All Treating Operations: Whether you are most in- a inal oil, the te See a Aa 
terested in Naphtha Treating, Gas Scrubbing, Acid original oil. | Topping with fresh oil accelerates 
Neutralizing, or Water Softening—there is a grade of a | sludsing only wm a, td 
PIONEER OYSTER-SHELL LIME especially adapted to .- for oe Peng gn ge greater tt 
your requirements. Let us discuss your treating problems | hours after mixing with 20 times its volume 
and recommend the PIONEER LIME that will: reduce ot meal eee. ae 
operating cost; increase over-all efficiency; improve the 2 Boundary Lubricating Value a = 
quality products made. eral Oils of Different Origin. ma 

Ploneers Norrace. Dept. Sci. Ind. Res., Lubr. 

way 0 preaperity 21 Tech. Paper No. 2, 32 pp. 


» 
blended o'ls —_ — The oil te? 7 
bricat aces in air an 
MFRS. OF PIONEER OYSTER SHELL LIME Ng Fre eral eee ge Poder hy ge 


TREET such as benzene or ether, placed on the su 
Eee een ee coc and the solvent evaporated, the boundary 


SCA fricti was generally different from ; 
Houston -Jr: AS ie the “oil. itself. Two types of waxes wert 


The effect of temperature on the boundary 
2 friction Mor stéel and silver alloy surfaces a 
a - HE EN Burmese, Persian, Russian, asphaltic-basé) tj 
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COMPARE IT WITH ANY MACHINE OF PROVED 


DEPENDABILITY 


NDUSTRY would be lost without the machines it “takes for granted" —gruelling tests have 
proved their dependability in design and construction. 


Whether you operate an oil refinery, a steel, glass, ceramic or chemical plant —if dependable 
tradict . . . . . 
rs that performance determines your equipment purchasing policy, then the Brown Potentiometer Py- 
rometer compares with any machine in your plant that has proved its Dependability, Rugged- 
ness, and Low Maintenance. 


For the measurement and control of temperatures, the Brown Potentiometer Pyrometer is to the 
man who works with heat what the calculating machine is to the accountant, the cash register to 
the merchant, the micrometer measuring machine to the machinist, all dependable precision 
machines. 


Heavier, stronger working parts give Brown Potentiometer Pyrometers that built-in endurance re- 
quired for industrial service. For indicating, Recording and Controlling temperatures—you can 
rely on their precision—be confident of their dependability. 


Write for Catalog 1101. The Brown Instrument Company, 4498 Wayne Avenue, Philadelphia, 
Pa. Offices in all Principal Cities. Canadian Factory: 117 Peter St., Toronto, Ontario, Canada. 


volume 


Min- 
{. E. 


4 [aim BROWN POTENTIOMETER PYROMETER. 
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MINNEAPOLIS-HONEY WELL CONTROL SYSTEMS 











A FULTON is at Home 


in the most modern service 


HERE the most advanced methods and the most 

highly specialized equipment are used, and where 
the most precise and unfailing control of pressures is re- 
quired, in any department of industry, Chaplin-Fulton Reg- 
ulators will be found at work. For more than forty years, 
they have been used with success and satisfaction, new 
design and new technique of manufacture being always 
adjusted to meet new conditions or new demands. So now 
more than ever they are recognized as standard equip- 
ment. 


The regulators here seen are in operation in a flowing 
plant of an active Oklahoma oil field. 


Correspondence regarding any special need of pressure 
control will be given careful attention. 


THE CHAPLIN-FULTON MANUFACTURING CO. 
28-40 Penn Ave. Pittsburgh, Pa. 


























ROTO TUBE CLEANERS 
built for Oil Still Tubes, 3” I.D. and up 









Roto Special 6-way Drill Head and 
Universal Joint. 





Roto Combination Head and 
Universal Joint. 


THE ROTO COMPANY 


Sussex Avenue and Newark St., Newark, N. J. 











found in the oil. The first type is read 
separated from the oil as a white, oil-free, aaa 
talline solid. The second type cannot be 
from oil even after prolonged fractional crys- 
tallization. Two types of boundary friction 
curves were found, the first given by distillate 
oils in which crystalline wax was found, Ip 
this case boundary friction remains constant 
or decreases as the temperature is raised from 
18° to 60°, above which point it increases jn 
air and to a smaller extent or not at all jn 
nitrogen. The second is given by residual oils 
in wh.ch the second type of wax was found, 
In this case boundary triction increases ag the 
temperatures is raised from 18° to 60° and then 
remains steady. The results are discussed and 
interpreted. 


A Rapid Precision Viscometer. 0. 
FirzSrmons. Preprint, Am. Chem. So¢. 
Meeting, New York City, April, 1935. 


A comparison, based on theoretical grounds, 
of the Saybolt viscometer with viscometers the 
efflux time of which is linear with viscosity, is 
made. The errors resulting from the use of 
Saybolt viscometer data in the calculation of 
viscosity index of light oils are discussed. The 
suspended level viscometer of Ubbelohde has 
been modified so as to allow the use of two 
capillary tubes of different bores and so as to 
permit mount.ng of the entire instrument in a 
vapor bath. The instrument is characterized 
by high inherent accuracy and can be used 
more rapidly than the Saybolt instrument. 


Application of Graphical Method of 
Ponchon to Distillation and Extraction. 
E. W. Turece. Ind. Eng. Chem. 2] 
(1935), pp. 392-96. 


The author points out that most graphical 
methods for the computation of columns for 
the distillation of binary mixtures are based on 
the assumpt.on that the overflow from plate to 
plate is substantially constant throughout the 
column. ‘the method becomes inconvenient 
when this condition is not fulfilled. Ordinarily 
the fact that there is a temperature gradient 
throughout the column produces some varia- 
tion in the overflow. This variation may be- 
come large if the temperature differences are 
large. ln 1921 Ponchon presented a method 
which, while not so convenient as that assum- 
ing constant overflow, yet takes account of 
changes in overflow. This method is therefore 
applicable when the usual methods fail, as, for 
example, in distillation of materials in or near 
the critical region. Ponchon’s method is ex- 
plained and illustrated. A close analogy exists 
between distillation and counter-current liquid 
extraction. By a suitable modification, the 
method of Ponchon is applicable to extraction. 
The usual operation of this type is conducted 
in the equivalent of the critical region, with 
no rectifying section. The advantages of the 
use of a rectifying section and of a solvent 
in which neither component is completely mis 
cible are pointed out. 


Relative Efficiencies of Packed Frac- 
tionating Columns. P. Docksey ann C. J. 
May. Jour. Inst. Pet. Tech. 21 (1935), 
pp. 176-99. 


The authors derive equations from which 
the relative efficiencies of columns packed with 
materials of different shapes can be calculated. 
These equations are based on the assumption 
that the rate of interchange of material be- 
tween vapor and liquid in a fractionating col- 
umn depends upon the rate of diffusion through 
that part of the vapor in which the flow 1 
streamlined. The equations apply both to the 
shape in which the flow of the total vapor 's 
streamlined and to that in which it is turb 
ulent. Terms are introduced that allow the 
effect of alternation of pressure and of vapor 
velocity, and the introduction of a diluent such 
as steam to be calculated. The derivation of 
the equations is given in detail. Tests, were 
made using the system benzene-toluene in af 
8 mm. diameter column 100 cm. long, operat 
ing at atmospheric pressure. For lower pres 
sure work the system nitrobenzene-aniline was 
used in a column 2 inches in diameter. It a 
found that the experimental results correlat 
in terms of the chosen function. 


Design of Fractionating Columns. Il. 
Number of Plates for Gas and Gaso- 
line Fractionators. G. G. Brown, M. 
Soupers, AND W. H. Hester. Ind. Eng. 
Chem. 27 (1935), pp. 383-92. 


A method\of computing the number of eq 
librium plates required for the, separation 0 
complex mixtures is presented and come 
in application to the results of theoreti 
rigorous calculations and also to test data iro! 
commercial equipment. The method is 


ti 
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The Right Packing 
in the Right Place 


one of the seven famous J-M Packings shown 
below won’t solve your packing problem, then 
one of the 92 others included in the J-M Packing 
Catalog will. Free to any user of packings, this new 
catalog also contains a complete recommendation 
table based on Johns-Manville’s 60 years of pack- 
ing experience. Mail the coupon. 





4 . 


J-M Sea Rings. Absolutely J-M Kearsarge Rod Packing. 
automatic. Save power. Re- Retains its efficiency—note 


duce wear on equipment. construction of center block. 
Last longer. 





J-M Flax Packings in various 
styles to meet a wide variety 
of service conditions. 


J-M Centripac. Plaited con- 
struction. Specially designed 
for centrifugal service. 





J-M Service Sheet. 
Pliable. Resilient. 
Adaptable to all 
general sheet pack- 
ing purposes. 


J-M Kearsarge Boiler 
Gaskets assure a per- 
fect seal on hand- 
holes, manholes, 
tube plates. 


(center) J-M Mogul Packing. An 
excellent utility packing for gen- 
eral service. 





Send us a copy of 


Johns-Manville Packings 
Catalog. 


Check service 
desired, fill in balance Oo 
of coupon and return 
to Johns-Manville, 22 se 
E. 40th Street, N. Y. C. 


Johns-Manville Refrac- 
tory Cements Data Sheet 
Brochure. 


June, 19354 Gulf Publishing Company Publication 

























Name 


Gum/)|PACKINGS ED @ui/)| REFRACTORIES HED, 


A.S.T.M. load-test 
furnace in the J-M 
Laboratories. 





. Not flame but white 
heat! J-M engineer 
determining sof- 
tening point of are- 
fractory in an elec- 
tric induction fur- 

| mace. 


They’re solving your 
Refractory Cement 
Problems 


REFRACTORY cement problem? Talk it 

over with the Johns-Manville Sales Engi- 
neer. You’ll find his advice thoroughly sound, his 
recommendations decidedly helpful. 


For he brings to your problem a fund of expert 
knowledge built up by a quarter century of in- 
tensive research. 


Some twenty-five years ago, Johns-Manville 
engineers produced the first bonding mortar 
cement. In 1935, still pioneering, the J-M Labo- 
ratory perfected Light Weight Firecrete, a 
revolutionary new hydraulic cement for casting 
lightweight monolithic refractory concrete. 

May we bring you up to date on recent J-M 
developments? Mail the coupon for the J-M 
Refractory Cements Data Sheet Brochure. 
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ORPTION & COMPRESSION 
ation for all types of solvent ry 











LIQUIDATING—ENTIRE ALTITUDE REFINERY 


Located Chanute, Kansas, cost over a million dollars, operated until Feb- 


ruary, 1935. Will sell all or any item in plant consisting of 2—1000 bbl. ea. - 


Jenkins cracking units, 5000 bbl. capacity skimming unit, 2000 bbl. Winkler- 
Koch pipe still, over 100 pumps all kinds, condenser boxes, heat exchangers, 
150,000 bbl. steel storage, from 100 bbl. to 55,000 bbl., many miles of pipe 
lines, all sizes ; 50,000 valves and fittings, laboratory equipment, complete stock 
of new repair parts. Inventories furnished on request. 


Wire, Phone, Write—W. C. Berry or H. J. Galamba 


SONKEN-GALAMBA CORPORATION, LIQUIDATORS 
64-108 North Second Street Kansas City, Kansas 








‘on an adaptation of the absorption factor 


cept proposed by Kremser. This concept ‘wa 
previously applied by the authors to the 
sign of gas absorbers and oil strippers, In the 
present procedure certain unsatisfactory qs. 
sumptions previously ysed have been eliminated, 
The authors conclude that they present a simple 
and reliable method for the computation of 
the number of equilibrium plates required in 
commercial gasoline stabilizers and Probably ig 
similar equipment in which the equilibriun; 
conditions between liquid and vapor may be 
assumed to follow the relationships of ideal 
solution. Being 

A New Basic Principle in the Desj 
of Fractionating, Absorbing, and Other 
Countercurrent Fluid Reacting Equip- 
ment. W. J. PopBIELNIAK. Preprint, Am, 
Chem. Soc. Meeting, New ° York City, 
April, 1935. 

A new type of countercurrent fluid reacting 
apparatus was described. The operation jg 
based on the use of controlled centrifugal force 
which permits the construction of compact 
paratus and the use of high vapor and liquid 
velocities. Intimate contact between the p 
is effected. The pressure drop through the ap 
paratus may be small or negative. 


Distillation. G. Ectorr. Chem. & Met, 


Eng. 42 (1935), pp. 200-2. 

The history of distillation is briefly reyi 
from the time of Aris otle (350 B. C.) to 
present. The article includes fifteen illustra 
tions showing the stills of the alchemists, Sg 
eul Kier’s five-barrel refinery at Pittsb 
1855, one of the first 1 *fineries in C 
Petrolia in 1870, the first refinery at N 
California in 1876, a typical cheese-box 
used in the Pennsylvania district, and 
modern installations. 


Heat Transfer. W. H. McApAms AND 
H. C. Horrer. Chem. & Met. Eng. @ 


(1935), pp. 218-9. 

The development of the subject of heat trang 
fer, including combustion, convection, and rade 
ation, is traced historically. The article is i} 
lustrated with several cuts showing heat trans 
fer devices used in ancient times, as well asa 
few modern types of equipment. 


Gasoline from Cracking Still Gases. 
V. N. Ipatierr, B. B. Corson, ann G. 
Eciorr. Preprint, Am. Chem. Soc. Meet- 
ing, New York City, April, 1935. 


A catalytic process has been developed for 
the conversion of olefins into liquid motor fuel. 
The solid catalyst is rugged and is not poisoned 
by hydrogen sulfide, carbon monoxide, nor 
other substances occurring in refinery gases. 
The conversion of olefins into liquid polymer 
is of the order of 80% to 95%. The yields of 
gasoline vary from 2 to 15 gallons. The liquid 
polymer consists of mono-olefins. Its octane 
number by the C. F. R. motor method 1s 
80-85. 

The Production of Gasoline by Poly- 


merization of Olefins. C. R. WAGNER 
Preprint, Am. Chem. Soc. Meeting, New 
York City, April, 1935. 


Gases from low pressure vapor phase crack- 

ing operations containing 20 to 24% of ethy- 
lene, 13 to 18% of propylene, and 6 to 10% 
of unsaturates in the four-carbon group het 
polymerized through the action of heat am 
pressure but in the absence of catalysts. On 4 
once-through basis 1.7 gallons of gasoline pe 
thousand cubic feet were obtained at 950°F. 
and 800 pounds pressure. The yield was 1 
creased to 3.0 gallons by recirculating the gs 
derived from. stabilizing the liquid products. 
a commercial unit yields of 3.25 gallons wert 
secured. Gas from stabilizing vapor pressure 
cracked distillates yielded 9.0 gallons per - 
sand. By operating at low pressure and 1 
to 1300°F. the liquid products were moslly 
aromatic. 


The Hydrogenation of Bituminous 
Coal. M. Pier. Ind. Chemist, 11 (195) 
pp. 139-48. 


The author reviews the hydrogenation g 
coal and oil in Germany. Based on the era 
of experimental work, a full-size plant ae 
built and operated at Leuna in 1926-1924 bo 
the conversion of brown coal, brown coal 
petroleum, and oil from bituminous ¢0@ Jost 
Simultaneously with the operation of this SS 
experiments were conducted on the hyde a 
tion of bituminous coal, the reserves af Be 
duction of which are much greater i poh 
many than those of brown coal. A i 
experimental plant having a capacity a full 
tenth to one-twentieth of the propose awit: 
scale unit is now being operated at the Lu 
shafen-Oppau works. 
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§/DIESEL-ENGINE-DRIVEN | 
=IHOT OIL PUMPS 


pioneered by Worthin gton 





may be 
of ideal 


. Orie 


reacting 
ation is 
zal force 


Worthington Vertical 4-cycle 
Diesel Engine... 







direct-connected to Worthington 
Horizontal Duplex Hot Oil Pump. . . 






charging oil to furnace 
against 750 p.s.i. pressure 











ONE GALLON of 3-cent fuel ~ 
oil converted to power by Ray. 
the engine ... 







and the power applied to 
the pump... 








ie? iy : 


will deliver 2100 GALLONS of oil 
to the furnace 


OPERATING DOLLARS 






1450 WORTHINGTON B. HP. 
NOW DRIVING HOT OIL PUMPS 
IN REFINERIES 


nous 
935), 
R 
n of WORTHINGTON PUMP AND MACHINERY CORPORATION 
aon General Offices: HARRISON, NEW JERSEY - Branch Offices or Representatives in Principal Cities throughout the World CODE 
A-3522 
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Announcing 


Our Appointment as Texas Representatives of 


SCOVILL MANUFACTURING COMPANY 


Manufacturers of 


SCOVILL CONDENSER, HEAT EXCHANGER AND 
EVAPORATOR TUBING 


A stock of Scovill Cup Drawn Admiralty will be main- 


tained in our Houston Warehouse. 


Tubes of this material, produced by the Cup Drawn process, 
are a Scovill specialty, and have a record of long, highly 
satisfactory performance in a large number of power plants 


and oil refineries. 


MAINTENANCE ENGINEERING CORPORATION 


1400 CONTI STREET 


May we serve you 
on your next re 
quirements? 


PHONE-PRESTON 6338 LD-409 


HOUSTON, TEXAS 





NEWARK WIRE CLOTH CO. 


364-378 Verona Ave. 


Newark, N. J. 








An authoritative book on a field which 
has long felt the lack of such a volume. 


Chemical Refining 
of Petroleum 


V. A. KALICHEVSKY and B. A. STAGNER 
A. C. S. Monograph No. 63 


A notable contribution to the literature on modern 
refinery practice. It fills a very definite need in a 
manner which refinery executives, chemists and 
technologists will be quick to appreciate; the re- 
liable information it contains will be found in- 
valuable for use in every refinery. 


CONTENTS BY CHAPTERS 


eet With Sulphuric Inhibitors of Atmospheric 
Oxidation of Petroleum 





Sulp Acid Sludge from Products. 

etroleum Refining. Gums in Cracked Petroleum 
Treatment With Alkaline Products. 

Reagents. Deterioration of Lubricating 


Sweetening Operations and 
Elimination of Elementary 
Sulphur. 

Refining by Absorption. 

Use of Solvents in Refining. 

Reduction of Total Sulphur 
in Light Petroleum Distil- 
lates. 

Detonation and Antidetonants. 

Oxidation and Reduction 
Reactions. 


and Similar Oils. 
Miscellaneous Refining Process 
and Reagents. 
Supplementary List of Patents 
on Petroleum Refining. 
Special Tables and Charts. 
Glo of Terms. 
Mecone ease 
Author Index. 
Subject Index. 


448 PAGES ILLUSTRATED, $7.00 
Send Check to 


THE GULF PUBLISHING COMPANY 
‘  P, ©. Box 2811, Houston, Texas 
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Vapor Pressure Recorder 
¢, J. TAGLIABUE MANUFACTURING 

COMPANY. 

C. J. Tagliabue Manufacturing Com- 
pany, Brooklyn, N. Y., has obtained the 
exclusive world-wide manufacturing 
and sales rights for a new Vapor Pres- 
sure Recorder. This outstanding de- 
yice is a development of Industrial En- 
gineers, Inc., of Los Angeles, Califor- 
nia, under the Kallam patents and will 
be known as the TAG-Industrial En- 
gineers Continuous Vapor Pressure Re- 
corder. 





Tagliabue Vapor Pressure Recorder 


Now, instead of the long delayed re- 
sults obtained from the Reid Labora- 
tory test, it is possible with this re- 
corder, to have a continuous® record 
of vapor pressures instantly available. 
As vapor pressure is the most impor- 
tant single factor in the manufacture, 
blending and shipping of light petro- 
leum products, the utility of this de- 
vice will be appreciated. It now is 
offered after five years of experimental 
and development work and_ several 
years of plant service. 


Vulealock Valves 


B. F. GOODRICH COMPANY. 

B. F. Goodrich Company, Mechanical 
Division, Akron, Ohio, announces a rub- 
ber-lined valve of simple, rugged design 
and reasonable cost, suitable for handling 
corrosive and abrasive fluids under condi- 
tions of fairly high pressure, pulsating 
Pressure, throttling or suction. Vulcalock 
valves may be lined with any of the stand- 
ard Goodrich Acidseal compounds, hard 


r soft, depending upon conditions of 


Service, 


The action of the valve does not depend 
Upon a flexible diaphragm. The resilient, 


A Gulf Publishing Company Publication 


rounded disc which snaps over a circular 
plate at lower end of stem provides an 
absolute seal when brought into contact 
with the molded rubber-covered seat rings. 
Both disc and seat ring are simple, in- 
expensive, easily replaceable parts. A 
steady, uniform flow and positive shut- 
off are obtained under severe operating 
conditions. Vulcalock valves may be used 
with perfect confidence for vacuum and 
throttling work, it is said. 

Nearly straight line of flow renders 
the Vulcalock valve adaptable to fairly 
high pressure work and abrasive service. 

The molded seat ring can be removed 
simply by taking off the body bolts. This 
ring is double seated and reversible for 
double service. By reversing the lower 
body section and replacing the bolts, the 
valve may be quickly changed from a 
straightway valve to an angle valve or 
vice versa. 

The Acidseal lining of the valve is 
bonded to the metal parts with practically 
integral adhesion by the patented Good- 
rich Vulcalock process. Corrosive or 
abrasive materials handled come in con- 
tact only with rubber especially designed 
to resist their deteriorating action. 


Oil Chiller 
HENRY VOGT MACHINE COMPANY. 


Henry Vogt Machine Company, 
Louisville, Kentucky, announces the de- 
velopment of the Vogt worm and gear 
driven, direct expansion oil chiller, pro- 
tected by patent No. 1920570. 

The Vogt direct expansion chiller 
was developed to meet the demand for 
extremely low temperatures with max- 
imum efficiency. The liquid refrigerant 
is maintained at a predetermined level 
in the annular space of each pipe sec- 
tion regardless of the rapidity of evapo- 
ration. A constant contacted area of 
surface by the refrigerant is obtained, 
thereby maintaining maximum absorp- 
tion efficiency. The horizontal posi- 
tion of the pipe sections and the unique 
design (patented) permits the passage 
of the gaseous refrigerant to the low 
side of the refrigerating machine with- 
out displacing any of the liquid refrig- 
erant in the annular spaces of the pipe 
sections. The refrigerant gas is dis- 


charged from each pipe section so that 
the maximum expansion of the refrig- 








This Sure Is 


DRIVE 
DEPENDABILITY 


In an important refinery, a 
Troy-Engberg Steam Engine re- 
cently completed a record 98 
day continuous run driving an 
oil pump. It was always on the 
job. Not a minute was lost. 


And from another refinery comes a 
report that their two Troy-Engbergs 
have just completed 10,000 hours 
service, covering a period of about 
two years. 


Coupled with this Troy-Enghberg de- 


pendability is a suitability as a drive 
for most refinery equipment such as 
oil- pumps, fans, blowers, etc. These 
modern steam engines have séveral 
operating features that make them 
superior. Write for descriptive lit- 
erature. 


TROY ENGINE & MACHINE CO. 


935 Railroad Avenue, Troy, Pa. 





TROY-ENGBER GI 
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Strainer 
THE EDWARD VALVE & MFG. Co, 
The Edward Valve & Manufacturing 
Company, East Chicago, Indiana, an. 
nounces a line of forged steel strainers 
especially designed for high pressure, 
high temperature service, but available 
for low pressures and temperatures as 
well. Scale, dirt and grit increase the 
cost of maintenance and decrease re. 
liability of piping equipment, such as 


Speeds Change 
of Fuel Tanks to 
Gasoline Service! 








Three 2 | Chi 
to ~ og eg gia or Pea Vogt Oi Chiller traps, pressure regulators and the like 
ice in 36 hours. Three hours after Ea gE EB Sts AAC CCL ot IER JB which depend upon proper function- 
the Oukite Service Man was told of am : ing of moving parts. Strainers serye 

the job, the proper Oakite material peratures are obtained in each pipe tare, pn 
was delivered, and work was started. : . . : to minimize such difficulties. The 
section. This design obviously over- ; te oe, ee 
An hour before the first delivery of comes the defect in chillers where the sai wate 5a ° Bar. 
gasoline, the three tanks were clean liquid refrigerant is expanded into the selected forging quality steel, heat 
and dry, free of all wax deposits 8 ; treated and accurately machined with 
. in excellent condition for gas- bottom section and fed serially upward , : 
oline storage. through the unit. full, properly aligned threaded pipe 
T Vogt direct. expansion chillers, ac ends. The standard removable strain- 

wenty-six years’ experience backs . a 
every recommendation of the local cording to the makers, have the fol- °S are of perforated Monel metal. In 
Oakite Service Man. Get the time lowing advantages: addition to the cap for removal of the 
and money saving ideas on cleaning rt i " 
he can give you. (a) The. overall efficiency of the °°” for cleaning a a thread 
. ed pipe plug is provided through which 
plant as a whole is greater because of he Atl hie ca he 
Manufactured only by the direct transfer of heat between the 2¢CUmuIate g 


blown out. Screen dimensions are pro- 

portioned to give an effective flow area 

through the perforations equivalent to 

about seven times the pipe area, there- 

by lengthening the interval between 3] — 
mesa = 


ammonia refrigerant and the oil to be 
cooled. Brine is eliminated as an _in- 
termediate cooling medium. 

(b) .Less surface is required for a 
given duty because the heat transfer 
rate is greater between the oil and the 
ammonia refrigerant than where brine TEM 
is the cooling medium. Meta! Atomizer 

(c) Less power is required for pump- COEN COMPANY. 


ing the oil because less surface is tra- Coen Company, 917 Bryant Street, San 
versed. 


Sean, 3 Francisco, announces as a recent develop- 
BIG SECOND EDITION : (d) The elimination of an intermed- ment the Coen Metal Atomixer with a 
iate cooling medium (brine) also saves 

JUST OFF THE PRESS ize rower. 


(e) No investment is required for a 
& brine pump, motor and brine cooler. 


Welding Ells 


MIDWEST PIPE & SUPPLY CO. 
Midwest Pipe & Supply Company, 
1420 South Second Street, St. Louis, 
Mo., announces a new line of stainless- 
clad welding ells which are formed by 
a ply plate having a thin inner or outer 
(as desired) surface of 18-8 stainless 
steel on carbon steel foundation. Lon- 
gitudinal weld made with stainless rod special _wire-feed mechanism that helps 
on stainless face, high tensile rod on produce metallic coatings of uniform 


THE ONLY HANDBOOK OF carbon steel face is also offered, as is thickness at a saving in time. The atom- 
BUTANE-PROPANE GASES stainless-clad pipe. izer will spray any metal that can be 


CONTENTS: Summary of Two Years’ Developments; drawn into a wire. 
Use in Internal Combustion Engines; Design. and All 
Installation .of Storage; Supply from Petroleum oy 


Refineries; Engineering Data on the Lower Olelins; rN YOUNGSTOWN SHEET & TUBE Boiler Safety Device 


OAKITE PRODUCTS, INC. 
50B Thames Street, 
New York, N. Y. 

















cleaning periods. 








Coen Metal Atomizer 





nomic Comparisons with Coal, Oil, Electricity, Pro- COMPANY. MILLER FUEL ENGINEERING CO. 
ducer Gas, Manufactured Gas; Town Plants; Manu- £ ; . any 
facture from Natural Gas; Special Uses; Volume The Youngstown Sheet & Tube Com- Miller Fuel Engineering Company, 
- cerannentinrgs og cep leg ie omg pany announces a new alloy steel. This Houston, Texas, announces full pa 
Tustin; Pregestion of <= ory Cs pe new product known as Yoloy is a nickel duction on the Miller low water fue 
Toscan — . yews copper alloy steel, having an exceptional cutoff for prevention of boiler explos- 
$5.00—Send Check or Money Order To resistance to corrosion, high tensile ions or crown sheet failures due to low 





gine strength combined with high ductility, water conditions. : 
The Gulf Publishing Company workability and weldability. Yoloy steel This cut-off was developed to ores 
pe Baa 2811 is produced in sheets, strips, plates, bars, a practical safety device for oil fiel 


Le SERNA) Ree RERIR shapes, wire and seamless pipe. type boilers, to stop the fuel supply 
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SS 
GET THE ONE BEST 
SENSITIVITY 


for 


temperature, pressure, 


Wy 

YU y 

WY. 
HK 


and flow control |: 
WITH A = 

N THE composite chart you see 

Taylor ‘‘FULSCOPE’’ a remarkable example of control 


in a fractionating unit of a mid- 

continent oil company. The chart 

shows sections of five charts which 

individually recorded control of 

8 (left to right) Feed Flow, Top- 
Tower Temperature, Reboiler 
Temperature, Back Pressure and 
Reflux Flow. 


One type of control instrument— 


the Taylor “Fulscope”—did this. 
It supplied the essential, fine con- 
; trol with steady throttling valve 


action in each case—and furnished 
the one best sensitivity for each appli- 
Indicating Recording ¢ Controlling cation. 

And THERE'S THE SECRET. 
TEMPERATUR E, PRESSURE and You can easily get just the sensi- 


tivity (or throttling range) desired 


FLOW INSTRUMENTS with the Taylor “Fulscope.” 








Lied 














at 
"WN 


All that is necessary is to turn the 
“Universal Sensitivity Adjuster” of 
the Taylor “‘Fulscope” Controller 
to the proper point indicated on 
the dial by the letters. The opera- 
tor used a screw-driver while the 
instrument was in action. No de- 
lays. No uncertainty. Instant ad- 
justment. And straight line control 
that amazed the company’s en- 
gineers. 


The Taylor “Fulscope” can be 
used to simplify and answer your 
control problems, too. Address 
Taylor Instrument Companies, 
Rochester, N. Y.; Tulsa, Okla- 
homa; Los Angeles, California; 
San Francisco, California; or Tor 
onto, Canada. Manufacturers in 
England—Short & Mason, Ltd., 
London. 











; 


VARIOUS SIZES AND TYPES OF 


Send us your inquiries 


J. P. DEVINE MFG. CO., Inc. 


“We're having a 
lot of trouble on high 
temperature lines, Sam. 
What do you use?” 


“Reading GPWI", Fred. Bet- 


HEAT EXCHANGERS BEING AS- ter try some and see what 
SEMBLED ON OUR ASSEMBLY it'll do to help you out.” 
FLOOR. *GPWI—Genuine Puddled Wrought Iron 


For complete information, write 












Subsidiary of Mt. Vernon Car Mfg. Co. ist EAD I N ee if isi O N * O M Pp A N b 


MOUNT VERNON, ILL. 
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Casual 
Informality 


We make some very definite and 
positive claims for .. . 


SAND 
i 


“The Entirely Different Boiler 
and Engine Treatment” 


So instead of trying to dress it 
all up in a lot of gaudy words, 
we just say that Sand-Banum is 
the safest . .. surest... and 
mest economical way of remov- 
ing and preventing scale and cor- 
rosion from boiler and water 
cooling systems. 

And just a closing word—try 
Sand-Banum on our “Satisfaction 
or No Money Guarantee.” We are 
long-established, big enough and 
strong enough to make the guar- 
antee without qualification. 


American Sand-Banum Company, Inc. 


342 Madison Ave., New York City 


Stocks carried by Western Sand-Banum Co. 
eae Tex. Denver, Colo. Fresno, Cal. 
at other convenient points. 











p, 
Years of 


Dependable 


Service 





Whether it he a 
valve or a liquid 
level controller, 
~K&M Products 
will give depend- 
able long service. 
Many of the larg- 
estindustrial 
plants and refin- 
eries have proved 
this. May we quote 
on your require- 
ments too? 


KIELEY & MUELLER, Inc. 


Main Office and Warehouse: 
34 W. 13th St., New York, N. Y. 
Factory: Newark, N. J. 


(in lt Al tn. hi, ti, ln. ly, Bln, i 
RS EE TT 
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Products| 


VALVES: 
regulating, air pilot op- 


pressure 


erated, betaeets back 


when the water level reached a dange:- 
ously low point. Its installation _is 
simple. The lower gauge cuck is re- 
moved and the cut-off head connected 
to the gauge cock connection, using a 
"x4" nipple. The tricock is then 
screwed into the head. The fuel valve 
is placed in the fuel line so that it 
closes when the lever arm drops. A 
chain is hooked in the trigger (in the 
head) and the valve lever arm. 

Operation is positive. When the wa- 
ter level drops below the connection 
to the cut-off head, the water present 
is replaced by steam, which enters the 
head, expands the expansion tube, and 
pulls the catch away from the trigger. 
This drops the chain and closes the 
fuel valve. The trigger may not be 
reset until the water level is raised 
above the head. To reset, raise the wa- 
ter level and rehook the chain in the 
trigger. The valve is then opened and 
the boiler again fired. 

The Miller cut-off is manufactured of 
brass and bronze materials to minimize 
adherence of scale. The lower tricock is 
connected to the cut-off so that any 
scale will be blown out when the fire- 
man checks his cocks. Water in this 
cut-off is stationary, cool, and no evap- 
oration takes place. 


It operates on a pressure range of 0 
to 500 pounds. The two working parts 
are on the outside, subject to ready 
inspection. 


Combustion Control 


BAILEY METER COMPANY. 

The Bailey Meter Company, 1050 
Ivanhoe Road, Cleveland, Ohio, an- 
nounces development of a new air-op- 
erated combustion control which auto- 
matically operates boilers to maintain 
steam pressure, furnace: draft and maxi- 
mum combustion economy. This new 
system is said to simplify central sta- 
tion economy methods and place them 
within reach of small industrial boiler 


plants, thereby making it possible for them 


to operate boilers economically and safety 
for long periods, reducing outage and 
maintenance. 

To accomplish this, the demand for 
steam is measured by variations in steam 
pressure and the rate of combustion is 
varied accordingly by the simultaneous 
control of fuel and air. This simultane- 
ous control of fuel and air alone however, 
does not insure the highest combustion 
economy since the relationship between 
fan speed or damper position and air 
supply is not at all consistent and since 
stoker speed, feeder speed and oil or gas 
valve position does not hold a definite re- 
lation to the fuel supply, according to the 
makers. In order to overcome this diffi- 
culty, the new Bailey control system util- 
izes the steam flow-air flow relation of 


the Bailey boiler meter to readjust fuel of 
air supply so as to continuously maintain 
maximum combustion economy. 

The control system is based upon the ac. 
curate measurement of all factors involyed 
by recorders in which are incorporated 
frictionless free floating air pilot valves 
These pilot valves are constructed so that 
they in no way decrease the accuracy a 
limit the operating ranges of the devices 
by which they are actuated. 

Air is admitted at constant pressure to 
the space between two balls. Since the 
balls are of equal size, this results in a 
balanced valve. Being of slightly smaller 
diameter than the pilot valve sleeve, a 
small quantity of air escapes which tends 
to prevent actual contact between the balls 
and the sleeve and acts as an effective lu- 
bricant. 

The pilot valve is used for operating 
control drives. Two outlets are connected 
to the control drive cylinder so that when 
the pilot valve is in a netural position the 
air pressure supplied to each side of the 
piston produces equal opposing forces and, 
therefore, the piston remains stationary. 
Should the pilot be moved slightly in 
either direction, increased air pressure 
would be admitted through one port to 
one side of the piston and air would be 
exhausted from the other side through 
one other port. 

Flexibility of the control system is pro- 
vided by selector valves on the master 
and individual boiler panels. These se- 
lector valves provide for complete or par- 
tial automatic control, manual control and 
boiler load adjustment. 


Belt 
GOODYEAR TIRE & RUBBER CO. 

Goodyear Tire & Rubber Company, 
Akron, Ohio, has announced a patented 
vulcanized splice for use in manufac- 
turing its “Compass Cord” transmis- 
sion belt. 

By means of this new vulcanizing 
method, these belts now can be made 
endless on ‘the drive. This development 
enables belt users to obtain the belting 
in roll-lot, non-endless lengths for use 
on belt drives where it formerly was 
necessary to dismantle the pulleys to 
install an endless belt. 


—— 





Electrically Driven Centrifuges 
Hand Centrifuges 
WRITE 


WILLIAMS, BROWN & EARLE, Inc. 


Manufacturers of Laboratory Apparatus 
918 Chestnut St. Philadelphia, Pa. 


—— ow 














FOR SALE—ACID TANKS 


Two Bethlehem Steel lead lined, 9 Ft 
Diam. x 12 Ft. High, cone bottom, 
side 2 in. Draw off. Never 


Oleum Refineries, Inc., Waco, Texas 


AAT ae 


used. 
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N. REFINERY OPERATOR knowingly 
takes unnecessary risks with human 
lives .and valuable property, yet the 
methods now employed for moving 
sulphuric acid and other dangerous 
liquids often involve hazards which 
could be eliminated by use of the 
proper equipment. 


Handling acids under air pressure, as 
in pipe lines, and the use of air pres- 
sure for unloading tank cars, are ex- 
amples of such unnecessary hazards. 
They are unnecessary because LaBour 
Pumps, employing suction, reduce 
pressure on all lines and may carry a 
large part of them at less than atmos- 
phere. Bottom outlets in tanks and 
containers can be eliminated, and 
with them goes the risk of costly and 
dangerous leaks. 


For a good many years LaBour has 
been solving problems of liquid-han- 
dling in the process industries. Our 
long and intimate experience in these 
matters is at your service, as are our 
unsurpassed facilities for producing 
corrosion-resistant pumps and valves 
in all suitable alloys. There is no cost, 
no obligation involved when you ask 
us for particulars. 


LaBOUR CO. 


607 STERLING AVENUE 
ELKHART, INDIANA 
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For 
Still Closer Control 
of 


High Vacuum Processes 











































Bristol’s Recording Absolute Pressure Gauge, 


Model 40M—Direct Reading Type. 


Y CHARTING an accurate record of the abso- 

lute pressure for ranges as low as 0 to 100 
millimeters of mercury, automatically corrected 
for barometric variations and temperature changes, 
Bristol’s Recording Absolute Pressure Gauge makes 
possible still closer control of high vacuum: proc- 
esses. 


The actuating mechanism consists of two sensi- 
tive diaphragm elements. One is connected to the 
vacuum line; the other measures barometric fluc- 
tuations. By means‘of a special form of differential 
linkage, the resulting movements of these elements 
are added algebraically, and transmitted to a single 
pen arm which writes directly on the chart. 


The continuous 24 hour records of absolute 
pressure this Bristol’s Gauge provides will be found 
of particular value in ccunection with high vacu- 
um stills where, for example, gas oil is removed 
from asphalt or from residuum oil after cracking. 


Write for Catalog 1011-K. 


THE BRISTOL COMPANY, WATERBURY, CONN. 


Branch Offices: Akron, Birmingham, Boston, Chicago, Denver, 

Detroit, Los Angeles, New York, Philadelphia, Pitts ‘or St. 

Louis, San Francisco. Canada: The Bristol Company of ‘anada, 

Ltd., Toronto, Ontario. England: Bristol Instrument Co., Limited, 
ondon, S.E. 14 


TRADE MARK 


BRISTOLS 


REG. U.S. PAT. OFF, 


PIONEERS IN PROCESS CONTROL SINCE 1889 
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“‘Slickest Poster Threader 
I ever used, this 


RIESID”’ 
Asx the man who has used one. 


“Lightest die I know—twelve tough pounds, and 
I mean tough. 

“Clever work-holder on it. Set it to pipe size, 
shove it on the pipe and it centers and tightens 
with one screw. Quick and easy and just right. 

“Chaser locks all inside—no springs to bust off. 

“And a swell ratchet lever, snaps into forward 
or reverse. Or turn it to locked position, and I’ve 
got a solid die. 

“I’ve never cut cleaner threads—over-size, under- 
size, drip threads, short nipples. Any old kind of 


pipe. 
“And RIZQID’s a good looking tool, too——some 
satisfaction in keeping it cleaned up.” 


It is a distinctly better tool. Examine it 
at your Supply Store before you buy 
your next threader. 


THE RIDGE TOOL CO. 
Elyria, Ohio, U. S. A. 












No. 1R one handle. 
made two _ handles. 
1” to 2” pipe. 


Also 
For 





Chaser locks safely en- 
closed. Full-floating posts 
carry no load. 


| RIEAID wv: 
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JERGUSON 
REFLEX GAGES 


have been used for steam boilers for 25 years 
and are now being used by leading oil companies 
for indicating oil levels in tanks, towers, stills, etc, 





The 
empty 
space 


appears 
WHITE 
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They are safe and durable at the highest pres- 
sures and temperatures. We can furnish gages 
with or without valves for every type of service. 
Full information upon request. 


Jerguson Gage & Valve Co. 


87 FELLSWAY 
SOMERVILLE, MASS. 
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, CATALOGS ... BULLETINS ” 


Helpful Publications Which Manufacturers Will Be Glad to Send Free for the Asking 


Glassware 
Kimble Glass Company, Vineland, N. J., has 


issued Form 199, a 64-page book describing the 
company’s complete line of blue-line calibrated 
laboratory glassware. 


Power Generation 
Combustion Engineering Company, 200 Madi- 


son Avenue, New York, has issued Catalog E-8, 
16 pages describing its Type E—center retort, 
underfeed, stoker. 


Technical Bulletin 

Tube Turns, Inc., 745 South 5th Street, 
Louisville, Ky., has published a new technical 
bulletin on design of piping systems and the 
flow of liquids through pipes, including much 
information of value to engineers and others 
having to do with piping systems. 


Steels 
Republic Steel Corporation, Advertising De- 


partment, Massillon, Ohio, announces reprinted 
copies of the most recent revision of the list 
of standard S.A.E. alloy and carbon steel spe- 
cifications are available upon request. 


Condensate Pumps 
Roots-Connersville Blower Corporation, Con- 


nersville, Indiana, is distributing a leaflet deal- 
ing with its newly developed self-priming auto- 
matic condensate pumps. 


Spray Equipment 

Binks Manufacturing Company, 3114 Carroll 
Avenue, Chicago, has published a new edition 
of Bulletin AD-114, 32-page catalog, giving 
prices and descriptions of new additions to the 
Binks line of spray equipment, spray guns, port- 
able outfits, containers, extractors, hose, and 
exhaust units. 


Instruments 

H-B. Instrument Company, 2518 N. Board 
Street, Philadelphia, is distributing Bulletin 600, 
describing its line of dial and recording ther- 
mometers and humidity indicating instru- 
ments, 


Mixing Equipment 

Alsop Engineering Corporation, 39 West 60th 
Street, New York, is distributing a bulletin 
dealing with its’ lines of mixing equipment, 
filters, bottle filters, and glass coated tanks. 


Colloidal Graphite 

Acheson Colloids Corporation, Port Huron, 
Michigan, announces availability of a new tech- 
nical bulletin No. 40R, pertaining to the appli- 
cation of colloidal graphite to industry, title 
“Foreign Bodies in Oil,” subject material deal- 
ing with crank case analyses and deductions rel- 
ative to sludging. 


Flanges 

Taylor Forge & Pipe Works, Chicago, has 
released a new 96-page catalog of text book 
type, containing much valuable data for those 
interested in the record of modern development 
in forged steel flanges. 


Test Car 

Refinery Supply Company, Tulsa, is distrib- 
uting a new bulletin on the Gregory test car 
column for determining gasoline content of 
natural gas, gas and gasoline analysis in the 
field and operating efficiency for plants. 


Centrifugal Pumps 

ardner-Denver Company, Quincy, Illinois, is 
distributing Bulletin CP11, dealing with its new 
line of centrifugal side suction pumps and in- 
cluding detail description, specifications and 
engineering data. 


Chemicals 

J. T. Baker Chemical Company, Phillipsburg, 
Pa., has issued its annual catalog of Baker’s 
analyzed C. P. chemicals and acids and other 
laboratory and technical chemicals. 


Potentiometer 
The Brown Instrument Company, Philadel- 


phia, is distributing a new catalog, No. 1101, 
dealing with the Brown petentiometer pyro- 
meter for industrial service for indicating, re- 
cording and controlling temperatures. 


Meters 
The Foxboro Company, Foxboro, Mass, an- 


nounces publication of a 48-page illustrated bul- 
letin, No. 200, entitled “Meters for Steam, 
Liquids and Gas,” covering the complete line 
of Foxboro meters for industrial uses. Con- 
struction details included as is much egnineer- 
ing information on flow measurement. 


Water Treating 
Rathbun Company, Inc., El Paso, Texas, has 


published Bulletin E-30, dealing with the chem- 
ically and mechanically controlled Rathbun sys- 
tem of treating cooling waters for prevention 
of scale, rust and corrosion in Diesel and gas 
engines, condensers, compressors, air washers, 
humidifiers, refrigerating plants and all circu- 
lating waters. 


Control 
C. J. Tagliabue Manufacturing Company, 


Park and Nostrand Avenues, Brooklyn, N. Y., 
is distributing an eight page folder describing 
the Tag-Industrial Engineers Continuous Vapor 
Pressure Recorder. Full engineering informa- 
tion given and well illustrated. 


Electrodes 

Metal & Thermit Corporation, 120 Broadway, 
New York, is distributing a new bulletin de- 
voted to Murex all-mineral coated welding elec- 
trodes. Considerable technical data, including 
principles of design and operation as well as 
physical properties and chemical analyses of 
deposited metals are given. The 16-page book 
is fully illustrated. 


Wire Cloth 
Newark Wire Cloth Company, 351-365 Ve- 


rona Avenue, Newark, New Jersey, is distribut- 
ing an illustrated four-page folder illustrating 
and giving data on wire cloth products, giving 
typical weaves and meshes, shows such products 
as testing sieves, end shake testing sieve shaker, 
metallic filter. cloth, gasketed metallic filter 
cloth, and the like. Condensed price list in- 
cluded. 


Electrical Equipment 

Allis-Chalmers Manufacturing Company, Mil- 
waukee, Wis., is distributing the following 
bulletins: No. 2100, entitled ‘“‘Wound Rotor In- 
duction Motors, No. 2183,” Type E direct cur- 
rent motors and generators, and No. 2199, en- 
titled “A useful pumping unit for every indus- 
try.” 


Pumps 

Gardner Denver Company, Quincy, Illinois, 
is distributing a new bulletin describing single 
stage, its double suction, split case, types D, 
E, F, and G, centrifugal pumps. 


Equipment 

Worthington Pump and Machinery Corpora- 
tion, Harrison, N. J., has published the follow- 
ing bulletins recently: W-318-B6A- Worthing- 
ton two stage volute, type U, centrifugal 
pumps; L-620-B 8, Worthington two stage, 
type VA-2, vertical angle air compressors; 
L-621-B6- Worthington single stage, type VS, 
vertical single air compressors; W- 102-B1- 
Worthington turret type horizontal duplex pis- 
ton pumps for handling liquids at pressures up 
to 200 Ib. per sq. in.; and W-321-B2A- Worth- 
ington, Group D, single stage Monobloc cen- 
trifugal pumps. 


Cable Accessories 

General Electric Company, Schenectady, N. 
Y., as a companion book to GEA-1731, “How 
to Make Cable Joints” issued last year, now 
has available a new publication GEA 1839 
“Cable Accessories”, listing and describing all 
the materials necessary for making cable joints. 
It is an 80-page book, complete with illustra- 
tions, information and includes prices. 


Feeder 

Hardinge Company, Inc., York, Pa., has 
issued Bulletin 33 C, describing the Hardinge 
constant weight “B” feeder with variable speed 
drive and the non-flooding constant weight 
feeder for materials that “aerate” and “flood.” 


Equipment 

Ross Heater & Manufacturing Company, 
Buffalo, N. Y., announces availability of five 
new catalogs as follows, Form 1037, Sterling 
Oil Section Catalog; Form 1039, Ross Expan- 
sion Joint Catalog; Form 1040, Arco Metal 
Pipe Catalog; Form 1041, Ross Storage Tank 
Heater and Form 1043, Ross Decalorator 
(Steam Jet Refrigeration) Catalog. 
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